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GEOLOGY AND ORE DEPOSITS OF THE ELKHORN MINING 

I 

DISTRICT, JEFFERSON COUNTY, MONTANA. 



By Walter Harvey Weed, 



CHAPTER T. 

INTRODUCTION. 

FIELD WORK AND ACKNOWLEDGMENTS. 

The Elkhorn district was first visited by the writer in the summer 
of 1896, while studying the general relations of the granite area in 
which the Butte ore deposits occur. Mr. Walter 8. Kelley, superin- 
tendent of the Elkhorn mine, called attention to the value of an 
investigation of this property, whose extensive development and inter- 
esting geological occurrences make it in some respects unique among 
the ore deposits of Montana. It was found that the ore deposit 
occurs on the borders of a great area of granite, and that in the 
immediate vicinity of the deposit there has been successive intru- 
sions of igneous rock, breaking up through folded sedimentary and 
earlier igneous rocks. The district thus offered peculiarly favorable 
opportunities for A study of the relations of the igneous rocks to one 
another and of the effect produced by such intrusions upon adjacent 
sedimentary rocks. In 1897 a secQnd visit was made to the district, 
and a fortnight was spent in a reconnaissance of the entire area and 
a determination of the more salient features of its geology. The 
obsei'vations made at this time confirmed opinions previously formed, 
and detailed mapping and study of the district were determined upon. 
In the summer of 1899 Mr. R. H. Chapman was detailed to make a 
topographic map covering the more interesting geological features of 
the region immediately about Elkhorn. The writer planned to do the 
detailed geological mapping himself, but the necessity of further study 
of the Butte copper deposits prevented his spending the summer upon 
this work. Therefore he took to the district Dr. Joseph Barrell, 
who was acting as field assistant for the season, and went over the 
ground with him, indicating the distinctions to be made and the prob- 
lems to be worked out. The areal distribution of the rocks was mapped 
by Dr. Barrell during the months of August and September, and great 
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credit is due to him for the care with which the obscure boundaries of 
the different rocks have been traced out. At the same time he made 
careful studies of the relations of rock masses, of the changes in the 
igneous rocks resulting from contact metamorphism, and of possible 
assimilation of material by the intruding magma. The detailed facts 
upon which many of the inductions made in this report rest were, 
therefore, gathered by Dr. Barrell. The underground work was done 
by the author. The petrographic study of the rocks was made by Dr. 
Barrell, under the direct supervision of Prof. L. V. Pirsson, in the 
petrographic laboratory of the Sheffield Scientific School of Yale 
University. The geological notes obtained by Dr. Barrell, together 
with this report upon the petrography of the rocks, formed the basis of 
a thesis prepared by him in partial fulfillment of the requirements for 
the degree of doctor of philosophy. The paper thus prepared has 
been largely drawn upon by the writer in preference to the original 
field notes, while the petrographic report is the same as that of the 
thesis, save only that much of the purely speculative portion has been 
omitted. 

The topographic map of the district (PL XLU) includes an area 
of li by 2i miles, on a scale of 1:32500, or about 2 inches to a 
mile, the relief being shown by 50-foot contours. Where the Elkhorn 
district is mentioned in these pages this area is meant. All the more 
important prospect pits are located and the more important geological 
features are included within the area selected. 

The chemical analyses in this report have been made in the labora- 
tory of the Geological Survey by Dr. H. N. Stokes. 

Thanks are especially due to Mr. Walter S. Kelley, former manager 
of the Elkhorn mine, for his hospitality and for kindnesses too numer- 
ous to mention. The author is indebted to him for the use of the mine 
maps and for valuable specimens of minerals and ores, also for the use 
of a room kindly placed at his disposal, as well as for many personal 
hospitalities. Thanks are also due to Mr. William Davey , former fore- 
man of the mine, and to Mr. Thom Tyack, assistant foreman, for many 
courtesies. 

This report will be regarded by some as an account of an exhausted 
and worked-out district, as the Elkhorn mine, the chief producer, 
after a productive period of about twenty years, was closed down 
and abandoned. In 1901, however, it was reopened, and promises 
to be again a producer. The other properties are as yet in the pros- 
pect stage, and, though promising, did not offer sufficient exposures 
and data for a complete report. It has seemed advisable, however, to 
present somewhat fully the facts concerning the Elkhorn mine, as they 
will be of interest in connection with the future development of other 
properties in the country. The depth to which the mine was worked 
and the lateral extent of the development offered peculiarly favorable 



U. S. GEOLOGICAL SURVEY 



TWENTY-SECOND ANNUAL REPORT PART 11 PL. XLII 




TOPOGRAPHIC MAP OF THE ELKHORN DISTRICT 



Topography t)y RH. Chapman 
1899 



Scale 

*4 



IMUX 



 



Contour inter\'al 50 feel 



JUIIUS BIKN a CO. N.'. 



wiED.] OEOQEAPHXC POSITION. 409 

conditioDs for study, and no apolc^y is needed for presenting an 
account of a mine which has yielded such large amounts of the pre- 
cious metals and which must ever be regarded as one of the big mines 
of Montana. 

QEOORAPHIC POSITION. 

The Klkhorn district is situated in the center of Jefferson County, 
in the central portion of the mountain region forming the western 
pai't of the State of Montana. The town of Elkhorn, which is in the 
center of the district, lies about 18 miles east of Townsend, a town on 
the Missouri River and on the main line of the Northern Pacific Bail- 
way. It is 20 miles southeast of Helena and about the same distance 
northeast of Butte. It is accessible by a branch line of the Kortheru 



FiQ. 72.— Index map oF Uontona, ahowlng locaUon of Elkhoni dlitriot. 

Pacific Railway, and is about 12 miles east of the town of Boulder, 
which is on the Montana Central division of the Great Northern Rail- 
way. The accompanying map (fig. 72) shows the situation of the dis 
(rict with respect to the main drainage lines and mountain ranges of 
the State, Crow and Elithorn peaks rise to an elevation of 9,500 feet 
only a short distance to the north and northeast of the town, being the 
highest peaks for many miles around. These two peaks are the cul- 
minating summits of a group of mountains lying west of the Missouri 
Hiver Valley and isolated from the neighboring ranges of the Rocky 
Mountains by broad, open valleys on the north, east, south, and west. 
This group, to which the name Crow Creek Mountains or Crow Moun- 
tains is often applied, has a crest line in shape somewhat resembling a 
horseshoe, with the opening facing eastward and trenched bj' Crow 
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Creek, a tributary of the Missouri. This mountain district, which 
owes its elevation primarily to the folding of sedimentary rocks, but 
chiefly to the durability of the finer-grained igneous rocks which cap 
its summits, is drained by streams which are generally radial to its 
flanks. On the west, however, a long north-south fault, marked by 
the drainage way of Prickly Pear Creek and Boulder Valley, separates 
it from the complex of mountain peaks and ridges known as the 
Boulder Mountains. It is thus seen that the Crow Mountains not only 
lie well within the mountain region of the State, but are a unit both 
topographically and geologically, and not merely a part of some larger 
district. 

TOPOGRAPHY. 

The district is one of great relief, as is well shown on the topographic 
map, PI. XLII. In general the slopes, though steep, are not precip- 
itous. While the rocks are usually well exposed, there is consider- 
able soil and vegetation. Owing to the elevation of the region, it 
receives abundant precipitation in the form of rain and snow and is 
often the scene of midsummer snowstorms even when the adjacent 
lowlands are bathed in sunshine. As might therefore be imagined, 
the climate is somewhat rigorous and the winters are long. For this 
reason there is an abundant drainage, which is all concentrated in the 
stream known as E^khom Creek, while immediately outside of the area 
mapped Crow Creek and Prickly Pear Creek also take their heads. 
The district, though small, shows the usual peculiarities of drainage 
noticed where igneous rocks and limestones are found close together. 
In the former rocks the streams are perennial, while in the latter the 
drainage ways carry running water only in times of heavy min or 
melting snows. There is a concordant association of plant life, the 
limestones being in general bare and arid and the igneous areas usu- 
ally well wooded and covered with an abundant herbage, but this is 
dependent on rainfall, which is a function of altitude, so that the gen- 
eral statements given above are true only where the elevations are 
similar. In the lower part of Elk horn Creek, where it enters the 
broad, open valley of Boulder River, the areas of both igneous and 
limestone rocks are arid and devoid of all arboreal vegetation. 

Elkhorn is one of the most picturesquely situated mining towns of 
the State. It lies near the head of a mountain valley at a point where 
a sudden broadening occurs. To the south the gulch is narrow and 
canyon like, while above it changes from a moraine-dammed gorge to 
a high mountain amphitheater. Nestling close up under Elkhorn and 
Crow peaks, at an elevation of 6,500 feet above the sea, it receives 
tribute from many clpud banks which, drifting across the lower 
mountain country to the west, are caught by Elkhorn Peak. The 
scenery is not typically alpine, though rugged and picturesque. The 
view from the town is, however, a broad one, including a wide stretch 
of valley and a mountain range to the south. 
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The town is built upon a steeply sloping bowlder apron, the front 
of a moraine that incloses the upper valley of the creek. The slopes 
near by are parked and wooded, and are in strong contrast to the arid 
and glaring limestone hills seen in the valley to the south. The most 
striking feature of the scenery is Elkhorn Peak, whose summit rises 
3,000 feet above the town and is about 1^ miles distant from it. The 
mineral wealth of the district is found in the altered limestones near 
their contact with gabbro-diorite intrusions and where broken through 
by offshoots from the mass. 

HISTORY. 

The Elkhorn district was prospected early in the history of the State 
and numerous quartz locations were made in the years preceding 1870, 
but the district did not attract attention until the A. M. Holter lode 
became a producing mine. This property, later known as the Elkhorn 
mine, has been the principal and, in fact, almost the only producer of 
the district, and was for many years one of the prominent silver 
mines of the country. The history of the mining industry of this 
district is therefore the history of this mine. The Elkhorn property 
was sold by its original locators to A. M . Holter, after whom the 
claim has been named. Mr. Holter organized the Elkhorn Mining 
Company, and the mine has since been known as the Elkhorn mine. 
A 5-stamp wet crushing free-milling plant was erected by the first 
owners, and as the surface ores were free milling and yielded readily 
to simple amalgamation, satisfactory results were realized in the early 
history of the property. With increased depth, however, the oxidized 
ores became refractory and the loss in treatment became as high as 
50 per cent of the silver values. In 1881 the mine was developed to a 
depth of 300 feet, and the nature of the ore made it evident that a new 
mill would have to be erected and ehloridization adopted. Owing to 
a disagreement among the owners and the necessity of enlisting new 
capital, the property was idle for the greater part of the year 1882, 
though it yielded 4,285 ounces of fine silver during that year. In 
1883 the property passed into the possession of the Elkhorn Mining 
Company, a new hoist was erected, and a 10-stamp chloridizing mill 
was put up, with a capacity of about 11 tons a day. The ore was 
stamped fine, roasted, and amalgamated in combination pans without 
grinding. The result was a saving of 90 per cent of the values and a 
bullion product aggregating $188,375 in silver and $2,320 in gold for 
the first ten months after installment. The bullion product was 900 
fine in silver, with a little gold, the principal impurity being copper.* 

The old Elkhorn Company subsequently increased its battery to 20 
and then to 25 stamps and worked the mine down to the 800- foot level, 
where lean ore was encountered, and some doubt was expressed as to 



1 Report of the Director of the Mint for 1884, p. 802. 
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whether the property was not worked out. In 1888 the Montana cor- 
poration sold out to a new company organized in London, which took 
the name and property of the old corporation, remodeled the mill, and 
instituted a policy of vigorous development, under which the mine has 
yielded 6,500,000 ounces of silver and 5,000 ounces of gold since 1888. 
The total production of the mine has been computed by Mr. Walter S. 
Kelley, the manager of the property, from the company's books. The 
figures are given in round numbers only, and those for the earlier 
period are only approximate. 

From 1884 to January, 1900, the mine was in continuous operation, 
save for a short time in 1886, when an accident to the pumps resulted 
in the flooding of the mine up to the 500-foot level for several months. 

In 1896 the ore in sight was nearly exhausted, and preparations were 
made to abandon the mine, but Mr. Walter S. Kelley, who at that time 
became general manager of the property, by careful exploration work 
disclosed new ore bodies, and continued to work the property until 
December, 1899. In the autumn of 1899 it became apparent that the 
expense of pumping, which necessitated heavy fuel bills, combined 
with the small extent and low grade of the ore in sight, would not 
wari'ant the further operation of the mine. The cost of the ore 
extracted had steadily risen during the last few years until in 1898 it 
reached a total of ^15.60 per ton, while the expense of miUing increased 
to $9.50 per ton. It was therefore decided to close down and abandon 
the property. 

The development of the Elkhorn has played an important part in 
the settlement and bettennent of the State. The monthly pay roll 
aggregated over $15,000, as besides the men employed at the mine and 
mill a large number of wood choppers were regularly at work. The 
town of Elkhorn, a settlement with a population of about 600, was 
built and maintained practically by this one mine, and the supplies 
shipped to the district for mine and town kept the railroad line busy 
for many years. The passing into history of this great property is 
felt not onh' at the town of Elkhorn, but in the ranches, for whose 
produce it furnished a market, and in the parts of the State from 
which it drew supplies. 

The former inaccessibility of the district, situated as it was in the 
heart of the mountains and until recent years remote from railroad 
communication, deterred active prospecting for a long time; moreover, 
in the early years of the Elkhorn mine, supplies, particularly salt, were 
very expensive, so that the cost of treatment was heavy. 

In 1886 the Northern Pacific Railway built a branch line to Wickes 
to get the ore -carrying business of the Alta and Comet mines. About 
two years later the marvelous development of the Butte copper 
deposits induced this company to begin an extension of this branch 
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southward to that city. At the same time the Montana Central, now 
a part of the Great Northern system, was under construction, and a 
railway-building contest began, with Butte as the objective point. 
The Montana Central secured the more favorable right of way, and the 
Northern Pacific line, after being built to Bernice, was not completed. 
Both roads pass through Boulder, the county seat, 12 miles west of 
Elkhorn, so that a year later the Northern Pacific Company was 
induced to build a branch line through the Boulder Valley and up the 
gorge of Elkhorn Creek. The building of this road was a difficult 
piece of engineering, as the grade to be overcome was excessive, but 
by the use of short loops a road was constructed on which short trains * 
could be hauled. A triweekly train service was established, making 
it possible to ship the silver-lead ores which were discovered in great 
abundance in the deep workings of the Elkhorn mine, and which 
were also found to a limited extent in other properties in the district. 

PRODUCTION. 

The successful development of the Elkhorn mine resulted in very 
energetic prospecting of the adjacent claims during the first few years 
of its existence. The report of the Director of the Mint for 1884 men- 
tions 12 mines, all close to the Elkhorn, which were said to show well- 
defined ore bodies, carrying good values in silver and sometimes in 
gold and copper, and which were at that time developed by prospect 
shafts over 20 feet deep. Of those noted in that report, the Keene, 
Union, and C. and D. have been developed into mines from which ore 
has been shipped at various times, but the properties have thus far 
proved disappointing to the owners, and their yield has been insig- 
nificant compared with that of the Elkhorn mine. The C. and D. is 
the only one from which any returns of production are available. A 
small smelter was built in 1886 and run for a short time upon the ores 
from this mine. The product for 1886 is given in the report quoted 
as $4,068 worth .of bullion. For 1887 the same authority gives the 
product of the C. and D. mine as $10,335 in gold and $10,320 in silver, 
and for 1888 as $2,661 in gold and $10,433 in silver. 

In later years the C. and D. has been leased at various times, and 
the ore extracted has been shipped to custom smelters. The ore, 
however, has been too low grade to work profitably, and it is only 
when pockets of galena have been found that any profit has been made 
in the workings of the property. The other properties of the district 
have been worked at various times in the last twenty years, but only 
for short periods, and have not been developed into producing mines. 
An exception should be made of the Elkhorn Queen, which lies over 
the ridge beyond Queen Gulch, just outside the limits of the area 
mapped. 
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The following tables give the yearly production of the Elkhom 
mine: 

Yearly production of Elkhom miitefrom 188S-1889, 



Years. 



1882. 
1883. 
1884. 
1885. 
1886, 
1887. 
1888. 
1889. 



Silver. 



Gold. 



DoUars. 
a4,285 

168, 375 
218, 828 
276, 051 

(6) 
476, 754 

a 389, 353 



Dollars. 



2,320 
1,338 



6,068 
4,450 



a Ounces. 



b Not reported. 



Yearly production of Elkhom mine from 1890-1900. 



Years. 



Silver. 



Mill bullion. 



Smelting ore. 



Ouncet. 

418, 516. 02 

345, 079. 62 

486, 033. 01 

1893 : 428,613.07 



1890. 
1891. 
1892. 



1894. 
1895. 



470, 706. 99 
474, 390. 68 

1896 486,720.95 

1897 489,959.78 

1898 375,963.04 

1899 364,906.08 

1900 20,362.18 

Total 



0unc€9. 
102, 628. 81 
271,914.98 
422, 270. 17 
332, 195. 98 
281, 998. 43 
77, 398. 77 
90, 787. 29 
96, 872. 10 
214, 908. 89 
a 193, 374. 55 



Gold. 



Mill bullion. 



4, 361, 251. 42 



Ounce*. 
202. 104 
406.287 
537. 721 
360.137 
353. 598 
359.304 
339. 975 
420. 244 
243. 605 
258. 413 
13. 486 



2, 084, 349. 97 



3, 494. 874 



Smelting 
ore. 



Ounces. 
168. 557 
485.854 
519. 917 
349.629 
259.809 
79.435 
85.566 
109. 147 
230. 626 
140.380 



2, 428. 920 



Lead, smelt- 
ing ore. 



Pounds. 
187, 214 
619, 054 
794,305 
548,382 
448, 311 
136, 554 
149, 367 
179, 341 
532, 429 
357, 827 



3, 952, 784 



a Ore shipments. 



In addition to the above there was an average of about 7,500 pounds 
of copper contained in the mill bullion each year. 
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Prodtidion of Elkhom miiie by periods. 



Yean (incliulTe). 


SUver. 


Gold. 


1876-1884 -- 


Ounces. 

500,000 
2,000,000 
6, 402, 000 


Ounce$. 
500 


1885-1889 




2,000 


1890-1899 


6,000 








Total 


a8, 902, 000 


8,500 









a And 4,000,000 pounds of lead. 

From what has been stated, it will be seen that the economic geology 
of the district is almost entirely an account of the Elkhom mine, and, 
indeed, not onl^'^ are the workings of the other properties small, but 
they were at the time of visit inaccessible. A large number of mining 
claims have been located and prospecting pits sunk over nearly every 
part of the district. Thus far, however, the only ore deposits worthy 
of serious attention appear to be in the areas of altered sedimentary 
rocks. Small veins have been found near the summit of Elkhorn 
Peak and in the amphitheater below it, but up to the present time no 
ore bodies large enough to warrant extensive development work have 
been discovered. The Jacquemin mines, situated about 2 miles west 
of Elkhorn, on a branch of Turnley Creek, have shipped considerable 
ferruginous ore, which was too low grade to work on account of its 
precious-metal content alone*, but which was needed at the smelter as 
a flux. The iron mines on the north side of Elkhorn Peak are also 
worthy of attention, as they expose large bodies of rather pure iron 
ore. As a district, the future can not be said to be bright, as the low- 
grade character of the ores precludes their treatment at present prices. 
The gold ore of the Dolcoath is, however, a possible exception. 

MILLING. 

The Elkhorn ores are of two classes — smelting and milling. The 
smelting ores contrist chiefly of argentiferous galena and are shipped to 
the smelter. The milling ores are a mixture of silver sulphides and 
gray copper, and are treated by the ordinary chloridizing process. A 
careful separation of the ore is, of course, made in the mine, and 
this, fortunately, is made the more readily because the milling ore 
is almost wholly quartzose and comes from the hanging- wall bodies. 
The milling ore is treated at the mine in an ordinary pan amalga- 
mation mill. 

In milling the ores the treatment has varied somewhat in recent 
years, owing to their increasingly refractory character. In general, 
the process consists in a dry stamping of the siliceous ore, salt being 
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added to the ore as it is fed to the stamps, whence the diy pulp is 
conveyed directly to the Bruckner roasters. The large amount of gray 
copper and galena in the ore treated in the last few years has made 
it necessary to use as much as 15 per cent of salt. In the free ores from 
the upper levels of the mine 5 per cent was sufficient. The roasted ore 
is taken in cars to the cooling floor, where it is left in heaps for ten 
to fifteen minutes, then holed "by inserting a bar vertically and then 
horizontally, making a free air passage through the center of the heap. 
The heap is subsequently leveled down to a thickness of 1 to 2 feet 
and then trenched by ditches. The cooled ore is then conveyed in 
wheelbarrows to the pan room, where it is mixed with salt and sul- 
phuric acid and put in amalgamating pans, lime being added to clear 
the quicksilver. After grinding in the pans the pulp is drawn into 
settling pans, which, when half full of pulp, are filled up wuth water 
and stirred slowly for half an hour. The top peg is then pulled out 
and a stream of water run in. 

The cost of treatment has steadily increased as the ores became 
more refractory. This is largely due to the increasing amount of salt 
used. Thus in 1896 the cost of salt per ton of ore milled was $1.88, 
rising to $2.14 in 1897, and to $2.22 in 1898. Fuel cost but $1.05 in 
1896, rose to $1.10 in 1897, and to $1.40 in 1898. These two items 
account for the increase from $7.17 in 1896 to $9.49 in 1898. 

The careful returns made by the mine manager, Mr. Walter S. Kelley , 
to the company, show in great detail the cost \jt treatment per ton 
of ore milled. In considering the following table, which is copied from 
the manager's report for the calendar year 1896, it should be remem- 
bered that the ore was extremely base. The table shows the amount 
of ore treated, of bullion produced, etc. 

Work performed by Elkhom mill in 1896. 

Batteries (20-8tamp) in service 315 days, 9 hours. 

Pans in service 357 days, 15 hours. 

Ore crushed 13, 762 dry tons. 

Salt used 2,249 tons. 

Average amount crushed per stamp per day 1.745 tons. 

Average assay value of pulp 38.435 ounces silver per ton. 

Pulp panned 13,718 dry tons. 

Average assay value of tailings 3.435 ounces. 

Portion saved according to assay 92.775 per cent. 

Portion saved according to bullion returns 92.313 per cent 

Silver produced 486,721 fine ounces. 

Gold produced 339.975 fine ounces. 



WEED.] 



COST OF MILLING. 



417 



The details of cost are given as follows: 

AiudysM of cost of milling per ton ofpiUp treated in 1896. 



Labor account. 



I 



Supplies account. 



8up>erintendenceand foreman. 

Engineere 

Crusher man 

Dryer man 

Batterv man 

Roaster man 

Cooling fl(Kjrman 

Carmen 

Amalgamat< ►rH • 

Pan helpers 

Assayer 

Storekeei)er 

Millwright 

Machinists 

Teams and labor 

Watchmen 

Tailings dam 

OflBce expenses 



Total 



$0. 3734 
.2VM 
.1571 
.1578 
.2147 
.1847 
. 1569 
.3166 
. 2131 
.1568 
.0722 
.0437 
.0512 
. 1916 I 
. 1453 I 
.0803 
.0828 
.0656 I 



Chemicals 

Lubricants 

IlluminantK 

Fittings 

Tools 

Castings 

Iron and steel 

Lumber 

Charcoal 

Belting 

Quicksilver 

Salt 

Fuel 

Assay office 

Stables 

Office and incidentals . . . 

Freight 

Insurance 

Machine shoj) 

Legal expenses and taxes 
Sundries 



$0. 



1. 
1. 



2. 8772 



Total 



0772 
0364 
0032 
0124 
0045 
2308 
0186 
0143 
0:i87 
0245 
;M86 
8800 
0572 
0374 
0240 
0763 
0152 
0940 
0039 
2463 
0538 



4. 2973 



Cost of labor per ton $2. 8772 

Cost of supplies per ton 4. 2973 



Total 7.1745 

Analysis of cost of miUing per ton of ore treated from 1896-1898 inclusive. 



1896. 




Su^Hirintendence, including office expenses $0. 37 

Labor 2.4382 

Salt 1.88 

Fuel 1.0572 

Quicksi 1 ve r 3486 

Chemiials 0772 

General repairs and supplies i 

Surface expenditures 

Taxes, insurance, and h^gal expenses . 2463 

Total I 7.174 



$0.4298 

2.6475 

2. 2187 

1. 1171 

.4479 

.0623 

.6323 

. 1567 

.2599 



7. 9722 



1898. 



$0. 5217 

3. 3058 

2.1406 

1.3973 

.8904 

.0661 

.7214 

.2034 

.2423 

9.4890 
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The fuel cost is increased also, owing to increased depth of the 
mine, the larger amount of water due to new water courses cut in 
prospecting upper levels, and the increased use of compressed air. 

Analysis of coat of mining per ton of ore hoisted from 1896-1898, indtisire, 

[Based upon total expenditure in mine.] 



Superintendence, including office expense 

Mine labor , 

Ore-house labor 

Fuel 

Explosives 

Timber 

Illuminants 

General repairs and supplies 

Surface expenditures 

Taxes, insurance, and legal expenses 

Total $12,384 



1896. 


1897. 


1898. 




$0.7163 
9.1486 
.6212 
3. 0343 
.6404 
.0992 
.0788 
.4525 
.1495 
.2732 


$0. 7833 




9.0269 




.7246 


1 


3.0993 


1 

1 

1. -__.__.. - 


.8090 




.1250 


.......... 

1 
1 


.0768 


' 


. 5362 


1 


.1892 




.2238 



15. 2140 



15. 5941 



The cost of mining was, in 1896 and subsequent years, very greatly 
increased over that of former years by reason of the exhaustion of the 
large ore bodies formerly worked; the cost was largely increased, also, 
by reason of the ore coming from many small stopes and faces. 

Amountf contents, and value of ore sold. 



Year. 



I Ore. 



1898 
1897 
1896 



1, 700. 309 
715. 241 
554.234 



SUVIT. 


Gold. 


Ounces. 


Ounces. 


214, 908. 89 


230. 626 


96, 872. 10 


109. 147 


90, 787. 29 


85.566 



Ix^ad. 



Pounds. 
532, 429 
179, 341 
149,^367 



Total value. 



$104, 945. 83 
48, 478. 44 
50, 355. 59 . 



Value per 
ton. 



$67.78 
90.85 



A peculiar feature of the reduction plant at Elkhorn is shown in 
PL XLIV. The tailings are impounded by a series of dams built up of 
sacks filled with tailings sand. The bags are those in which the salt 
used by the mill is received. Their cost is therefore trifling, and when 
filled with sand they form excellent retaining walls. These dams are 
made necessary by the fact that the water is used by the ranchmen 
downstream for irrigation. 



CHAPTER II. 

GENERAIi GEOLOGICAIi FEATURES OF THE DISTRICT AND 
ITS REIiATION TO THE SURROUNDING REGION. 

The Elkhorn district compriBes a small part of the southwest end 
of a group of mountains of very complex composition. For the 
benefit of the reader who may desire to know the relations of the 
district to the surrounding region a short r^sum^ of the conditions, so 
far as they are known from the writer's studies, will be given in this 
chapter, together with a brief account of the leading features of the 
district itself. The district lies on the border of the great Boulder 
granite area, and includes a part of that area and also the borders of 
an area of folded limestones, shales, etc., which compose the long 
ridges lying east of Elkhorn and extending to the Missouri River. 
This area of folded rocks includes rocks of nearly all geological periods 
and of varied lithologic composition, all flexed in long arches and 
intervening troughs, forming the S-shaped folds, such as are found in 
the eastern ranges of the State. These folds can be traced westward 
and the individual formations readily followed to the Elkhorn district, 
where the normal lithologic character of the strata is lost as a result 
of contact metamorphism. The folding of the sti*ata is clearly older 
than the extrusion of the igneous rocks which break up through them. 

The Elkhorn mining district includes a wide variety of rock forma- 
tions and, small as it is, within its borders is found evidence showing 
the nature of a long series of profound disturbances which have mate- 
rially modified the geology of this part of the State. Lying on the 
western border of a great area of folded sedimentary rocks, the 
formations seen within its limits include a wide variety of lithologic 
types, now profoundly altered by later metamorphism, but in part at 
least traceable uninterruptedly into the normal unaltered formations 
a mile or two away. The sedimentary record of the earth's earlier 
history is, however, better studied in the region immediately east, 
since the Elkhorn region is peculiarly favorable for a study, not of 
sedimentation or the period of rock folding which succeeded, but of 
the many and varied events which occurred in a period of dynamic 
activity, initiated by volcanic outbreaks which, from evidence pre- 
sented elsewhere in the State, are known to have commenced in early 
Tertiary time, and after the uplift of the region above the sea and the 
formation of mountain ranges by folding and synchronous erosion. 
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The evidence of the magnitude and power of the forces at work during 
what may fittingly be called the dynamic period of the history of 
the region is everywhere apparent, and the varied phenomena which 
resulted are exhibited here better than at any other place known 
to the writer. The detailed evidence gathered in the mapping of the 
areal geology confirms by abundant proof the deductions made during 
the reconnaissance of the district as to the relative age of the rocks 
and the metamorphic eflFects produced by the injection of great masses 
of molten rock. 

The sedimentary rocks are devoid of all but the most fragmentary 
fossil remains, and are so generally metamoiphosed that their original 
character is largely masked. Nevertheless, their sedimentary charac- 
ter is perfectly apparent, their bedding distinct, and the attitude of 
the beds easily made out. Moreover, while exact correlation of beds 
is not always possible, there is a general correspondence between the 
sequence observed here and that at localities near by, notably near 
Helena and near Whitehall, and the Carboniferous formations have 
been identified not only by fossils but by tracing the beds into the 
region of unaltered fossil-bearing strata a few miles southeast of the 
town. 

The sedimentary rocks embrace a part of the Algonkian series known 
as the Belt terrane^ land the Cambrian and other Paleozoic formations 
recognized in the Belt Range are undoubtedly represented here. The 
Jurassic has not been positively identified and the great series, sev- 
eral thousand feet thick, of altered argillaceous siliceous rocks, which 
directly overlies the Carboniferous must certainly be in part Creta- 
ceous, for, although no paleontological evidence was obtained, the strati- 
graphic correlation is convincing. The Tertiar}' lake-bed deposits 
found in the larger intermontane valleys of western Montana do not 
occur in the district described, though found but a few miles to the 
south. The region probably formed a highland at the time the Ter- 
tiary lakes existed, from which the waste of subaerial erosion and 
probably also the lighter material poured out from volcanic vents 
were washed down into the Tertiary lake that filled the broad, open 
valley tmversed by the Boulder River below Elkhom Creek. 

The igneous rocks are of several kinds, generally coarse grained, but 
of very widely diflfering appearance. The rocks are mostly of com- 
mon types and present no diflBculty in classification. They are of dif- 
ferent age and represent successive events occurring in the Tertiary 
or post-Tertiary history of the region. The oldest rocks are gabbros 
and diorites, the youngest are aplitic granites. The former break 
irregularly up through sedimentary rocks and include fragments of 
them in their mass or resting upon their surface. Volcanic activity 

^For nomenclature and designation aa terrane see Walrolt: Bull. Geol. Soo. Am., Vol. X, 1899. pp. 
199-244. 
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of great power and probably long duration is represented by the 
andesitic rocks of Elkhorn Peak and of the mountains running south 
from Elkhorn toward Bull Mountain. The rocks are clearly similar 
fn character to those seen over parts of the Boulder region, and, as 
elsewhere, embrace lava flows, tuffs, and breccias. The source of 
these rocks was some vent lying to the west of Elkhorn. These vol- 
canic rocks were at a later period broken through and probably some- 
what metamoi-phosed by intrusions of diorite-porphyry, which broke 
off parts of the earlier gabbro mass and chilled against the andesitic 
rocks. The granite is even later, as is clearly shown in several places 

by including fragments of earlier igneous rocks. The aplite-granite ^ 

is still later and is the most recent of the igneous rocks. 

The origin of the ore deposits of the region is discussed in a sepa- 
rate chapter. Their source is undoubtedly the igneous rocks, very 
probably the basic igneous rocks of the district, especially the gabbro. ^ 

From the r^sum^ just given it is evident that the district offers , 

exceptional opportunities for studying the relations and relative age - 

of the igneous rocks and the effects of contact metamoi*phism. With 
a wide acquaintance with the mountainous region of the State, the 

writer knows of no other place offering such good opportunities for a ' 

study of the effects of igneous intrusions upon other rocks and those i 

of sedimentary origin. Indeed, there is good evidence here that the 
putting in place of the earlier intrusions has been accomplished with 
so little disturbance that the effects of the magma upon the disrupted 
rocks in which it intrudes can be particularly well observed. There 
is no positive proof of actual assimilation of one rock by another, 
though the field evidence strongly indicates this, as well as the usual 
metamorphic action. 

All the rocks noted, except the granite and aplite, show metamor- 
phism, most intense near the granite and less so away from it. It is 
evident that the district has been many times heated, but that the most 
marked effect is due to the last, the granitic intrusions. 

The finding of clearly intrusive andesites low down in Queen Gulch 
and in the valley of Elkhorn Creek below the town shows that the 
region was a deeply eroded and mountainous one before these early 
lavas were poured out, and there is reason to believe that the former 
extent of these rocks was very much greater than at present. The 
areal distribution of the rocks of the district is shown on the geologi- 
cal map, PI. XLV. In the following chapters the rock types and for- 
mations will be described and their distribution discussed. 




CHAPTER III. 

IGXEOUS ROCKS OF THE DISTRICT. 

The igneous rocks cover about half of the area shown on the geological 
map (PI. XLV) of the Elkhorn district, and, as indicated in the struc- 
ture sections, they underlie the sedimentary rocks in some areas where 
the latter are seen on the surface. Their diverse characters, their 
relations, and their effect upon the sedimentary rocks and upon one 
another make them the leading feature of the geology of the district. 
The ore deposits are probably derived from the igneous intinisions, but 
definite proofs of this connection can not be traced. The igneous rocks 
are all younger than the sedimentary ones, and if ordinary procedure 
were followed their description should follow that of the sediments; 
but, inasmuch as the latter are all altered and metamorphosed by the 
heat of the igneous intrusions, and hence owe their present characters 
to them, it has seemed best to give a general description of the igneous 
rocks first, reserving the account of their microscopical petrography 
for an appended paper by Dr. Joseph Barrell. 

The igneous rocks embrace a number of rock types, varying greatly 
in appearance and in chemical and mineralogical composition, as a result 
of original differences in the composition of the magma and of widely 
varying physical conditions under which the molten material has con- 
solidated into rock. The rocks of Elkhorn and Crow peaks and those 
seen at the mouth of Queen Gulch are mainly volcanic and represent 
lava flows and the loose ejectamenta of volcanic eruptions. The other 
igneous rocks are of intrusive origin and have been consolidated 
beneath the earth's crust. 

The most abundant rock type is one of granitic habit and forms a 
part of the granite area extending for many miles north, west, and 
south of Elkhorn. The other rocks are readily distinguished from this 
and from the andesites by the eye alone, but less readily from one 
another. With the exception of the gabbro-diorite rocks, which show 
wide variations in the same rock mass, the rocks are fairly uniform in 
character throughout each intrusion. 
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GRANITIC ROCKS. 
GRANITE (qUABTZ-MONZONITE). 

Dejmition. — Under the name *' granite " are included those coarsely 
granular rocks, intruded and consolidated at considerable depths below 
the earth's surface, which have a normal granitic structure and consist 
of quartz, orthoclase, soda-lime feldspars, hornblende, and biotite. 
Augite, titanite, and magnetite are present as accessory constituents. 
The £lkhorn granite is exactly like the granite at Butte in which the 
copper and silver veins occur. The latter rock has been repeatedly 
described as a basic granite — one nearly like a diorite in composition. 
The adoption of the name monzonite for such intermediate rocks 
makes the new name quartz-monzonite applicable, but the ol^er name 
"granite," being more generally understood, will be used except in 
the petrographic description of the rock. The rock is readily recog- 
nized, as it is the coarsest-grained rock of the district and contains 
white feldspars, glassy quartz, black or dark-green hornblende, and 
dark-brown mica. 

Extent and character of surface. — ^The granite area shown on the 
map is merely the eastern border of a very extensive granite area lying 
to the west, extending from Helena on the north to a point 26 miles 
south of Butte, and from Elkhorn west to the Deer Lodge Valley. 
This great mass of granite, to which the name " Boulder batholith " has 
been applied by the writer,* is somewhat sharply defined, and with its 
aplitic forms is the youngest member of the igneous series at Elkhorn, 
though in many parts of the main area west of Elkhorn it is cut by 
rhyolite dikes and covered by extrusive masses of that rock. Within 
the Elkhorn district the granite forms the western flanks of Elkhorn 
Peak and the rough country west and northwest of the town of Elk- 
horn. The areas covered by it are readily recognized by the great 
bowlders which strew the slopes, as shown in PL XL VI. The timber, 
too, is peculiarly indicative in its manner of growth, consisting mainly 
of the lodgepole pine {I^v>8 murraywn4i)^ which rarely attains a diame- 
ter exceeding a foot. 

Description. — ^The fresh rock is coarsely granular, of light-gray 
color, and composed of dark-green hornblende, dark-brown biotite, 
colorless quartz, and waxy-white and pale flesh-colored feldspar. 
The grains average about 4 mm. in diameter. The hornblende is 
more abundant than the biotite. Augite occurs very rarely and is 
surrounded by paramorphic hornblende. Small grains of yellow 
titanite are sometimes seen. The rock is not absolutely uniform in 
appearance, but shows smeary streaks and spots of darker color, 
which are particularly abundant near the margin of the mass. 

iQianiUc rocks of Butte, Mont., and vicinity, by W. H. Weed: Jour. GeoL, Vol. VII, 1899, pp. 787-760. 
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The rock is fresh and has suffered little chemical alteration, even 
where disinte^ation is prominent. 

Chemical c&mpoHitimi, — A fresh specimen from the western part of 
the area shown on the map, anah^zed by Dr. H. N. Stokes in the 
Survey laboratory, gave the following result : 

Analysis of <jran'Ue {var. quartz-monzfjnite) from iie<ir Elkhorn, Moiit. 



Constituent. 



Per cent. 



SiO., ' 54.31 

AlA ' 

FaA 

Fe( ) 

MgO 

CaO 



Na/) 
K2O. 



HjOatllO^ 0. 



15.44 

2. 48 

2.58 

2.21 

4.22 

2.71 

4.W 

.19 

.79 

.71 



H,0 above 110° C 

Ti(\ I 

CO, I None. 

A 2^ '5 •-"" 

S ti Trax'e. 

Cr.^(\ None. 

MnO ' Trace. 

BaO .07 

SK) , Trace. 

Li^O Strongtr. 

Total ' 



99. 97 



(I Whether S or SO., undetermined. 

The analysis is t3^pical of quartz-monzonite and corresponds almost 
exactly with that of the Butte granite. The mineral composition 
calcuhitcd for it is verv nearlv the same as that of the Elkhorn rock. 

Meat lu^r ill fj, — The granite disintegrates readily under ordinary 
weathering prgce.sses, and as it is traversed by intersecting joints 
rounded bowlders thickly cover the ground wherever the slope is 
sufficiently steep to admit of the removal of the sand into which 
the rock disintegrates. The result is a peculiarly rugged scenery, 
typical of granitic rocks in many parts of the world. 

Relative to surrounding rocks, the granites are the youngest of the 
district and have broken across all earlier masses. These relations 
are fully discussed elsewhere. 
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APLITE-GRANITE. 

Th3 term *'aplite" is used to designate granular or finely granular 
siliceous granites consisting chiefly of alkali feldspar and quartz. The 
name is here applied to those lighter-colored gi-anites nearly free from 
augite and biotite, usually somewhat finer grained than the normal 
rock, and occurring as dikes and intrusions in it or in the rocks near 
its border. The rock is, when fresh, creamy white, slightly finer 
grained than the granite, of sugary texture, and contains very few and 
small grains of biotite and hornblende. The rock varies greatly, how- 
ever, in texture and appearance, and, as shown in another chapter in 
discussing its relationships, is possibly locally enriched by material 
absorbed and assimilated from the rocks with which it is in contact. 
It varies from very finely granular structure to a pegmatite. It 
weathers in rounded surfaces, but does not form the bowlders chai*ac- 
teristic of the quartz-monzonites. It is subject to disintegration, and 
when so altered is easily quarried and dressed. 

An analysis made by Dr. Stokes showed the following composition: 

Artalysis of uplite from Klkhuniy Mont. 



Constituent. 



I*er cent. I 



SiCK 



AlA 

FeO., 
MgO, 
CaO 
Na,0 




HjOat 110°C. 



H.O above 110° C 

TiC, 

CO, 

P-A 

s 



Cr,0,. 

MnO . 
BaO. 
SrO.. 
Li.,0 . 



76.26 

12.94 

.69 

.18 

.17 

1.10 

2.73 

5.26 

.17 

.43 

.11 

None. 
.06 

a .01 

None. 

None. 

Tra<'e. 
.07 

None. 

Trace. 



Total 100.13 



a Total S. 
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DIORITE-QABBRO GROUP. 

These rocks form a series in which gabbro and diorite form the end 
membei's, with rocks of intermediate chai'acter between. The areas 
occupied by each rock have been mapped separately, but the smaller 
intrusions near the town are of intermediate character, while the geo- 
logical evidence indicates that they are all parts of one great mass 
underljdng the altered sedimentary rock seen on the surface. 

GABBRO. 

Definition, — A gabbro is a granular crystalline rock, consisting 
essentially of lime-soda feldspar and pyroxene (conmionly augite). 
The Elkhorn gabbro is a dark bluish-gray rock, varying from fine to 
coarse grain. The most basic variety, found at Black Butte, shows a 
felted mass of satiny labradorite crystals, with irregularly rounded 
grains of augite and considerable magnetite. Gabbros commonly 
show decided variation in mineralogical composition in parts of one 
mass, and the local modifications might be described as special types. 
The basic typQ just noted varies to one showing hornblende and biotite 
replacing augite and showing some quartz. The texture of the rock 
is particularly well shown on weathered surfaces, on which the dark 
augite stands in relief above the dull-gray feldspar. In the coarsest- 
grained forms the augite grains are so large and abundant as to give 
the rock a strongly porphyritic appearance. In the finer-grained 
forms the augite grains are minute and the rock has a pepper-and-salt 
appearance and texture. 

Chemical composition. — An analysis of a typical form of the rock, 
from Black Butte, has been made in the Survey laboratory by Dr. 
H. N. Stokes, with the following result: 

Analysis of gabbro from Black Bvite, Elkhorn, MonL 



Constituent. 



SiO, 

AlA-..—: 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,OatllO*'C.... 

H,0 above 110° C 

TIG, 



Per cent. 



47.44 
18.21 
5.37 
6.05 
6.53 
9.98 
2.58 
1.17 
.13 
1.08 
1.38 



Constituent. 



CX), 

PA 

s 

CrA 

NiO 

MnO 

BaO. ...... 

SiO 

Li,0 

Total 



Per cent. 



None. 

.68 

a. 03 

None. 

None. 
.06 
.08 
.08 

Trace. 



99.85 



a Undetennlned whether sulphide or sulphate. 
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Occurrence. — Gabbro occurs in several small intrusive masses, appar- 
ently breaking up through sedimentary rocks and forming irregular 
masses called stocks. The largest area, which is a half mile across, is 
that of which Black Butte is the most conspicuous point. A lesser 
stock occurs a thousand feet farther north, and another to the east. 
The ridge between Elkhorn and Preston shows many exposures of an 
intermediate gabbro-diorite rock, which are thought to be the tops of 
dike^like intrusions connecting with a general parent mass below. 

The rock resists weathering well, but does not commonly form 
exposures, except on Black Butte, where it occupies a conspicuous 
position, being visible for many miles around. In the smaller out- 
crops the rock decomposes somewhat readily, although its resistance 
to weathering is generally in marked contrast to the more easily 
altered diorite. Black Butte shows a massive exposure of great 
blocks and loose masses 5 to 10 feet across, the actual sunmiit being a 
point with sharp western and precipitous eastern faces. The precise 
limits of the intrusions are defined with diflSculty, owing to the pres- 
ence of waste from above. The smaller masses show as low reefs or 
groups of bowlders, seldom prominent. 

The Black Butte mass contains many included fragments of sedi- 
mentary rock — limestone altered to a mass of epidote and garnet — 
the sediments about the margin of the gabbro and those through 
which the dike have come up being all intensely altered by metamor- 
phism. This and the attitude of the strata, which appear to dip 
inward, all indicate that these different exposures are parts of one 
mass underlying the entire area in which the exposures are found. 
The sediments are evidently greatly shattered and greatly metamor- 
. phosed, and probably form a relatively thin capping over the main 
core or reservoir of this rock, the smaller intrusions rising from it 
and through the cover like the branches of a tree. 

DIORITE. 

In the workings of the Elkhorn mine and in the railway cut east of 
the town a very fine-grained dark-gray rock is found which closely 
resembles the finer-grained forms of gabbro, but which, when studied 
under the microscope, is found to be diorite. The rock masses men- 
tioned are offshoots of a mass lying east of Elkhorn. 

Definition. — Diorite is a plutonic rock which varies somewhat in 
texture, but is always granular, and consists essentially of soda-lime 
feldspar, and hornblende. The Elkhorn rock is rather basic and is 
allied to the gabbros. In the freshest rocks seen it is a dark gray and 
not unlike the gabbro of Black Butte, but in fresh fracture is easily 
recognized, as the gabbro shows no white feldspar and is of a uniformly 
gray tint, while the diorite, when closely examined, is seen to consist 
of a mass of dark-colored hornblende, augite, and bronzy biotite grains, 
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held together by a matrix of white feldspar, though this is less appar 
ent in the more common, finer-grained forms of the rock. 

/"Extent and area cavered. — ^The main diorite area occurs east of the 
town, forming the ridge and the shallow, grassy amphitheater north 
of Queen Gulch. The rock weathers readily and decomposes to a 
soft and porous mass, so that, though exposures are abundant, fresh 
unaltered material is hard to obtain. The dike rocks also weather 
readily and are commonly concealed by the limestone d^brLs and soil. 
The area coyered by it is about 3,000 feet across and somewhat longer 
in the direction of the strike of the sti*atified rocks, the shape of the 
intrusion eyidently being influenced by the attitude of the sedimentary 
beds. 

The exposures in the railroad cut for one-fourth mile south of the 
station show an alteration of this diorite. Nucleal masses are seen sur- 
rounded by soft and much crackled white, pale-yellow, or yellowish- 
greeiv alteration products. The same phenomena were observed in the 
mine workings, 1,250 feet below the surface. They show that the cause 
of alteration is a deep-seated one, and that it is not a mere surface 
phenomenon. In the railroad cut just mentioned the altered diorite is 
lacking southward, but limestones appear cut b}*^ diorite dikes, six 
dikes, yarying from 6 to 60 feet in width, being noted intrusive in 
the upturned strata in the second quarter mile. 

QUARTZ-DIORITE-PORPHYRY. 

Definlthri. — Quartz-diorite-porphjay — using the name ''porphyry " 
m the broad sense adopted by the Geological Surve}^ to designate a 
porphyritic texture — is a fine-grained rock having the composition of 
a quartz-diorite (that is, composed essentially of plagioclase feldspar 
and free quartz, with accessory orthoclase and ferromagnesian min- 
erals), which contains phenocrysts or large distinct crystals, usually 
of plagioclase and less commonly of augite or other iron magnesian 
silicates, in a finely crystalline matrix. 

Extent and character of surface. — The Elkhorn quartz-diorite- 
porphyry covers a eonsidei'able area in the southwestern portion of 
the district, where it forms the ridge between Turnley and Elkhorn 
creeks and the sharp ridge to the east where the railroad crosses from 
Queen to Elkhorn gulches. It forms talus-covered slopes, in part 
wooded, but of characteristic appearance, as shown in PL XLIV, so 
that the area coyered by it is in a general way easily discriminated 
from that of the other rocks. The mass is cut through by both 
Turnley and Elkhorn creeks, exposing a section 800 feet deep across 
the mass. The gently sloping summit west of the mouth of Alpreston 
Gulch is coyered by soil and vegetation, so that good exposures are 
not common. 
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ANDBSITIC ROCKS. 

Definition, — Andesites are volcanic rocks of porphyritic or felsitic 
texture, whose crystallized minerals are plagioclase with either biotite, 
hornblende, or augite, or any two, or all three of the minerals. The 
andesitic rocks embrace a wide variet}^ of types of both intrusive and 
extrusive origin. They differ greatly in appearance, but are all closely 
related in composition and genesis and form part of the great forma- 
tion covering large areas in the Crow Creek Mountains north and east 
of Elkhorn; they also form the hills to the southwest of the town and 
the long and high ridge known as Bull Mountain, which is a continu- 
ation of these hills. Collectively they represent the products of a 
single period of vigorous volcanic activity. Here, as elsewhere in the 
State, these rocks constitute great mountain blocks, which have been 
piled upon the earlier rocks in great masses, and which were prob- 
ably parts of cones now dissected, so that the existing mountains are 
merely residual masses of the old volcanoes. 

Extent and character of surf ace. — These rocks constitute the highest 
and most rugged peaks of the district. They form great amphithea- 
ters, where steep cliffs and projecting buttresses are in strong contrast 
to extensive talus slopes formed by the debris of the rocks. In gen- 
eral, the rocks form sharplj'^ accentuated topographic features. In the 
gorge below Elkhorn they are cut by the creek in the narrow canyon 
with abrupt walls, seen in PI. XLVII, A, Along Elkhorn and Crow 
creeks the rocks form the highest summits of the whole range. 

Description. — The rocks show a wide range in mineral composition 
and texture, varying from quartz-diorite to diabase and from andesite- 
porphyries to tuffs, but are mostly typical andesitic rocks of various 
kinds. Owing to the reheating and metamorphism due to the prox- 
imity of the great granitic mass to the west, the original character of 
the rocks has been obscured, and their present texture and mineralog- 
ical composition are largely the result of such metamorphism. The 
most typical rocks are dense, dark colored, tough, and elastic. They 
varj' from light gray to dark in color and from rocks devoid of 
phenocrysts to distinctly porphyritic forms, the latter being the most 
common. Despite the metamorphism to which they have been sub- 
jected, they still exhibit evidence of their original character as lava 
flows, breccias, tuffs, and intrusive sheets. They are dense, fine- 
grained rocks, with microcrystalline texture, and commonly show 
phenocrysts of white labradorite-feldspar, and more rarely of augite 
and hornblende. The determination of the predominant type as 
andesitic in habit is confirmed by the careful petrographic study made 
by Dr. Barrell, and a full description of them is given in the appendix. 

Chemical composition. —The chemical composition of these rocks 
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probably presents the same variations shown in their mineralogieal 
character. But two analyses have been made: The firat, that of the 
normal andesite; the second, that of the altered andesite. 

Analyses of andesUic rocks. 



Constituent. 



SiO, 

AljOs 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

Kfi 

H,OatllO*»C 

H^O above 110** C 

TiO, 

CO, 

PA 

s 

CrA * 

MnO 

BaO 

SrO 

Li,o : 

Total.. 



E36. 



£42. 



54.50 


59.64 


17.97 


16.64 


a 8. 55 


2.33 


(b) 


4.35 


3.37 


2.10 


9.36 


4.59 


2.34 


3.31 


1.62 


4.16 


.14 


.14 


.96 


.69 


.94 


1.08 


None. 


None. 


.31 


.49 


a. 63 


c.Ol 


None. 


None. 


Trace. 


Trace. 


.06 


.10 


.05 


.05 


Trace. 


Trace. 


100.80 


99.68 



a Contains both pyrlte and pyrrhotlte; amount undetermined, but between 1.59 Fe^Sg and FeSa, 
and 1.19 FeSa to Fe7S«. 

b FeO can not be directly determined. The 8.55 per cent FefO^, including FejOs, is equivalent of 
FeO and iulphides. FeO lies between 5.39 and 6.46, and FefOs between 1.19 and 0. 

e Undetermined whether sulphide or sulphate. 

Weathervng, — ^The andesite was traversed by a close system of fine 
joints that break on weathering into sharp and angular debris. On 
the highest and most rugged mountain slopes the individual blocks are 
several feet across and the slope exposures form rude stairways, while 
the solid rock forms rocky buttresses that extend beyond the general 
cliflf wall or jut out from smooth talus slopes. In the exposures at 
lower elevations the solid rock forms broken cliff masses, as shown in 
PL XLVU, A^ the network of closely spaced joints causing the rock 
to break on weathering into rather small fragments. In general the 
rock breaks into fine debris composed of pieces but a few inches across 
and forming great talus slopes which, where steep, are commonly bare 
of vegetation, but where flatter are covered by grass and a scattering 
growth of timber. 
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The rock is readily altered by ordinary weathering, the augite-biotite 
and other dark minerals changing to ehloritic aggregates and the feld- 
spars clouding from incipient kaolinization. This alteration is so wide- 
spread that it is impossible to procure specimens of the perfectly fresh 
rdck. On the other hand, the final alteration of the rock results in 
merely a thin skin upon the surface of the fragments. The rock is very 
resistant and with the possible exception of quartzite offers more resist- 
ance to ordinary disintegrating agencies and to the wear and tear of 
stream transportation than any other rock known in the State. 

DIOBITE-PORPHYRT. 

In the extreme southwest corner of the district there is a mass of 
fine-grained gray rock which is distinguished from the andesites with 
which it is associated by its more crystalline texture, spotted appear- 
ance, and uniformity of character. It is well exposed in the railroad 
cut at the mouth of Turnley Gulch, and also in the lower line in Queen 
Gulch. The exposure seen in the railroad loop at Turnley Gulch shows 
it to be intrusive in andesitic rocks. The rock is a diorite-porphyry 
of conspicuous appearance, owing to its markedly spotted or mottled 
character, which results from the presence of dark clusters of horn- 
blende and biotite, which, with crystals of labradorite, lie in the fine- 
grained gray groundmass. The rock is uniform throughout the entire 
mass, the upper portion showing a slightly darker or bluish tint and 
resisting weathering better, so that the rock forms bold ledges. The 
upper 100 feet show distinct lamination planes parallel to the andesitic 
contact. 
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CHAPTER IV. 

DESCRIPTION OF THE SEDIMENTARY ROCKS. 

The stratified rocks cover a relatively small paiii of the district, and 
their normal characters have been in large part obliterated by the 
metamorphism they have undergone as a result of the heat and mineral- 
izing action of the igneous masses which have broken through them. 
As already noted, the altered strata are, however, continuously trace- 
I able into the unaltered formations which make up the great folds form- 

^ ing the mountain ridges east of Elkhorn and extend to the valley of 

the Missouri River. Within the limits of the district it is difficult, if 

not impossible, to identify all the horizons recognizable in the unaltered 

I area, and its importance did not justify the time necessary to trace 

n out such connection. In general, the broader distinctions recognized 

in the unaltered series can be discriminated, while the Carboniferous 

limestone is identified by fossils in the immediate vicinity of the granite 

>^ contact, and the overlying quartzites have been followed south to 

unaltered strata. 

The rocks are all tilted, and the areas shown on the map include 
blocks broken off from the main bod}^, though in general the masses 
are all part of the eastern flank of a broad fold composed of all the 
sedimentary strata from those of probable Algonkian age to the Cre- 
taceous. The beds within the district are therefore not horizontal, but 
^ have a general eastward dip at angles of 30° to 55*^. The general lack 

of fossils and the metamorphism of the rocks make the determination 
* of their age almost impossible save b}'^ correlations and by tracing 

them out to the unaltered areas. 

The sedimentary series at Elkhorn may be seen in an unaltered con- 
dition in the hills a half mile or more southeast of the town. The 
sequence there seen does not differ materially from that which prevails 
in the neighboring mountain ranges. A few notes upon the correlation 
of the formations are therefore given. The Algonkian beds are part 
of the Belt terrane, from which fragmentary fossil remains have been 
reported.^ The Cambrian rocks of the neighboring ranges contain 
abundant fossils which prove their Middle Cambrian age, neither the 
Lower nor Upper Cambrian faunas being represented. The Silurian 

1 Pre-Ciimbrian fossiliferoiis terranes, by C. D. Walcott: Bull. Geol. 8oc. Am., Vul. X, 1899, pp. 199-244. 
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is commonly absent or represented by nonfossiliferous beds, the fossil 
collections from certain localities indicating Silurian tendencies. The 
Devonian is known by typical fossils from the dark Jejfferson lime- 
stones of the Little Belt region and from the Three Forks shale of the 
Gallatin Valley. The Triassic is not recognizable. The extensive red 
sandstones which represent this age in Wyoming, occurring in the 
Yellowstone Park, though devoid of fossils, thin out and disappear 
northward, and have not been recognized within 100 miles of Elkhorn. 
The Jurassic, which, though sometimes less than 100 feet thick, is 
commonly exposed throughout the State and is almost everywhere 
fossiliferous, has not been positively identified in this district. The 
Cretaceous rocks of the State are commonly divisible into the usual 
well-marked groups. At some localities, however, the abundance of 
arenaceous beds makes lithologic distinctions impossible, and this and 
the absence of fossil remains at Elkhorn make subdivision or corre- 
lation of formations quite impossible. There can, however, be no 
doubt of the Cretaceous age of the beds when the section is compared 
with sections made in neighboring mountain ranges. 

For purposes of mapping, the Elkhorn rocks have been divided into 
lithological units, mostly well defined and entitled to mnk as forma- 
tions, several of them corresponding to formations recognized in the 
unaltered rocks of neighboring districts. An attempt was made to 
measure a complete section embmcing all the beds from oldest to 
youngest. There are, however, no continuous exposures, and the 
thicknesses herein adopted are estimates based upon such measure- 
ment as it was possible to make by pacing horizontal distances, all ele- 
vations being determined by aneroid and the results checked by the 
map. Several partial sections have also been used in making an aver- 
age. In the folding and probable uplifting to which the strata have 
been subjected, as a result of dynamic activity before and during 
igneous intrusions, there has been some slipping along bedding planes, 
and certain shale formations are missing in the Elkhorn section. 

Throughout the Paleozoic series the contrasting characters of succes- 
sive beds permit the subdivision of the series even when the original 
characters are entirely destroyed. In the Mesozoic series, of which 
at least 2,000 feet exists in the district, notably on Crow Ridge, the 
rocks were originally impure shale and sandstones, grading into one 
another and seldom presenting shai'ply contrasted formations. These 
are now altered to tough, dark-colored, very dense hornstones, which 
so closely resemble one another that a classification in the field is 
almost impossible. 

For the various reasons given, the age distinctions in the following 
table are only approximate, though the general characters and succes- 
sion of the strata are evident. 

22 GEOL, PT 2—01 28 
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Generalized section of the sedimentary rocks of the Elkhoni diMrid^ MoJitana. 



i 






•Id if 
[II 



Age. 


No. 
11 


Name. 


Feet. 


Cretaceous i 


Crow Ridge beds: homstones, adinoles, 
and quartzites; top capped by andesites 
of Crow Peak. 


1,680 


Neocarb. 
Carboniferous . < 


10 


Quadrant formation : sandstones and 
quartzites with interbedded limestones al- 
tered to a lime silicate hornfels. 


380 


Eocarb.. 


9 


Madison limestone: in places altered to 
marble. 


1,900 


Devonian? : 


8 


Union shale: black shales and hornstone.. 


130 




f 7 


Keene limestone: in part ai^gillaceous 


500 




6 
5 

4 


Elkhom hornstone 


100 


Cambrian 


Cemetery limestone: includes the white 
granular foot-wall limestone of the Elk- 
hom lode and the underlying blue lime- 
stones. 

Hobo Gulch shaly limestone: includes 
characteristic limestone flags. 


650 


/ 1 


153 




3 


Starmount limestone: mostly argillaceous . . 


600 




2 


Alpreston quartzite: prol^able equivalent 
of Flathead quartzite. 


125 


Al^onkian? 


1 


(6) Tumley quart zitic hornstone 

(a) Tumley shale: red sandy; indurated.. 


200 


1 




200 






Basal beds concealed bv andesitic lavas. , 





ALGONKIAN ROCKS. 

Tumley homstmie^ {Spokane shale?), — ^The Tumley beds are the 
oldest sti-ata of the region. They occur ouly on the slopes above the 
Turnley placer in the southwestern part of the district, where they 
form a block separated from the main mass of stratified rocks by a 
tongue of granite. In color, composition, and relation to the over- 
lying quartzite the rocks correspond to the red Spokane shale of the 
Belt terrane seen at Whitehall, 20 miles south, at Townsend to the east, 
and at Helena on the north. The lower, softel* strata consist of rocks 
that weather to a good soil, forming open, gi'assy slopes. The over- 
lying quartzitic hornstones are more resistant and their debris is 
conspicuous on the surface. 

The lower division is 200 feet thick, and consists of shale meta- 
morphosed to a very dense hornstone composed of light-brown biotite 
and quartz. A bed of impure iron ore 20 to 30 feet thick occui-s in 
the middle lower part of the formation. 

The quartzitic hornstones overlie the basal beds just noted and are 
200 feet thick. The rocks, though well bedded, arc very dense and 
hard and are of a gra}' -black color, so that they closely resemble the 
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andesites. The texture is finel}'- saccharoidal, the fracture conchoidal. 
The rocks are well exposed in a road cutting near the southern end of 
their outcrop. Microscopical examination shows the rock to consist of 
quaitz and a small amount of olive-green mica. 

CAMBRIAN ROCKS. 

Alpreston quartzites {JFlathead qnurtzitea), — The quartzites are 125 
feet thick, nearly white in color, and owing to their superior hardness 
are well exposed, forming the crest of the hill west of the town. 
The rock is an altered sandstone and is correlated with the Flathead 
sandstone, the base of the Cambrian series of the State.* 

Sfarmount UrneMmie^. — These limestones are separated from the 
beds just described by an intrusion of gi-anite-porphyry, but corre- 
spond in character and position to the Meagher limestone of the Little 
Belt section,' though positive identification is impossible and it seems 
best to give the formation a local name derived from that of a mine in 
it. The lowest beds consist of about 250 feet of light-gray, thinly 
bedded argillac^eous limestone, which is rather soft and weathers down 
in even slopes beneath the first persistent limestone cliff of the sedi- 
mentary series. In the Elkhorn exposures the rocks are more or less 
metamorphosed and commonly altered to a light greenish-gray horn- 
fels of great hardness. The upper member of the series, comprising 
350 feet of rocks, differs from the lower chiefl}^ in being more mass- 
ively bedded and of a darker color, the rock being mottled with 
spots of a darker color and containing less silica and clay than the 
lower beds. The rocks resist weathering better than the underl3"ing, 
more shaly strata, and form bluffs which are often conspicuous topo- 
graphic features. Their best development in the Elkhorn district is 
on the hillside, south of the dams in which the mill tailings are cauglit 
(PL XLVII, A). At this place they are well exposed in the steep 
slopes above the railroad line. The largest exposure of the formation 
shows the strata to be separated from the underlying Turnley series 
by a quartz-diorite-porphyry intrusion several hundred feet in breadth, 
so that the exact relation of the two formations is nowhere absolutely 
determinable. If the correlation assumed be correct, the Starmount 
limestones must have been underlain by a considerable thickness of 
shale, corresponding to the Wolsey shale, but the intrusive mass of 
porphyry now found below the Starmount limestone w^as probably 
intruded also in the shale and now conceals it. In the southwestern 
part of the district a block of Starmount limestone has been over- 

»See Geolog>' of the Little Belt Mountains, hy W. H. Weed: Twentieth Ann. Kept. U. S. Geol. 
Survey. Part III, 1900. pp. 284-287. for discussion of the Cambrian formations and their relations to the 
rooks of other ages. 

«\Veed: loc. cit., p. 285. 
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turned by an intrusion of andesite and now lies between the latter 
rock and a diorite-poi'phyry intrusion. This fragment is 400 feet in 
thickness, and has been altered throughout to an aggregate of garnet, 
augite, woUastonite, and feldspars. From a distance the rocks at this 
place still have the appearance and the structure of light-gray, mass- 
ively bedded limestones, though on near view it is seen that the bed- 
ding planes have been entirely obliterated, and that the original 
stratified nature is recognizable only by slight changes in color or by 
differential weathering, which develops a thinly laminated structure 
on exposed surfaces. Similar altered rocks of the same age are seen 
in Alpreston Gulch, northwest of the town, and at Black Butte, where 
the rocks have been intensely altered and fragments occur in the 
gabbros. The description of these included fragments and remarks 
on their significance will come more properly in the account of contact 
phenomena given in the last chapter of this paper, to which reference 
must be mfl.de for details of their mineralogic characters. 

Hobo Gidoh Unie'shale, — This name is applied to a well-marked group 
of strata seen in the railroad cuts near the tailing dams and in Queen 
Gulch. It is an important horizon for mapping, as it possesses easily 
recognizable characters and separates two thick and somewhat differ- 
ent limestone formations. 

The lowest member of the series consists of 18 feet of shales which 
have no conspicuously marked characteristic. A limestone nearly 100 
feet in thickness succeeds the shale. The rock is nearly black, with 
abundant smooth loint planes. On weathering it forms angular, 
smooth, dark debri;^ by which the horizon may frequently be traced. 
The uppermost part of the formation is the "crinkled limestone," a 
35-foot bed of banded chert}'^ limestone, thinly bedded, and with the 
chert}' material in the form of lenses averaging two-thirds of an inch 
in thickness and 1 or 2 inches in length. This is the most charac- 
teristic bed of the Cambrian series wherever it has been observed in 
Montana, and commonly consists of pure limestone with lenses of 
cherty material. The crinkled appearance is not due, as might be 
supposed from the Elkhorn exposures alone, to a bending of these 
rocks, in which the limestone would be curved about the harder sili- 
ceous lenses, as this characteristic has been noted where the beds are 
perfectly horizontal and show no folding whatever. In weathering, 
the limestone is more readily attacked and as a consequence the 
impure, chert}^ or argillaceous lenses weather in relief and the bowl- 
ders present a rough surface with lozenge-shaped depressions. These 
limestones are so much harder than the strata adjacent to them that 
the horizon is readily distinguishable despite its small thickness and 
the fact that it does not present any marked topographic relief. The 
underlying Starmount limestones often show the same crinkled appear- 
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ance, so that in identifying tbe horizon it is necessary to look for the 
underlying shale. This formation seems to correspond fairly well in 
position to that of the Pilgrim limestone of the eastern Montana Cam- 
brian exposures, in which case the basal shale would be the Park shale 
horizon. This correlation is, however, not based upon anything more 
than lithological sequence. 

Cemetery limestone. — ^This limestone, named from its occurrence at 
the Elkhorn cemetery, consists of 650 feet of beds, all of which are 
true limestones. The lower 70 feet consist of blue limestones, fol- 
lowed by 50 feet of dark-blue granular limestone, weathering with a 
lighter-gray surface and showing sections of brachiopods and crinoid 
stems. Abov3 this occurs a great thickness of light-blue, thin- to thick- 
bedded limestone, sometimes mottled with dark-blue spots in a lighter 
ground. In Queen Gulch the lower beds are somewhat altered by 
contact metamorphism and show a decidedly crystalline texture. The 
same also is true of the rocks exposed in the hillside west of the Elk- 
horn mill, where the rocks are very dark and crystalline and break 
into small blocks whose dark color presents somewhat the appearance 
of a basic eruptive when seen from a distance. It seems hardly possi- 
ble that this dark color can be due to contact metamorphism, inasmuch 
as the tendency of heat would be to drive off the organic material to 
which this color is due. This being irue, it is hard to explain a 
decided difference in the appearance of the rocks ne^r the Elkhorn 
mill and those in Queen Gulch, unless the latter is really the lower 
limestone of the Hobo Gulch formation. The uppermost 100 feet of 
the Cemeten' limestone includes the thin- and thick-bedded white or 
light-gray limestones, showing a crystalline, granular texture. This 
bed varies to a straw -yellow dolomitic marble, which constitutes the 
foot wall of the Elkhorn mine. It may be seen on the surface in 
Queen Gulch and in the I'ailroad cut east of the town. 

Mkham luimsUme, — ^The Elkhorn hornstone is seldom seen in good 
surface exposures, but its location has been determined by numerous 
prospect pits made to trace out the bedding plane between it and the 
underlying limestone, the horizon on which the ore bodies of the Elk- 
horn mine occur. The rock is well exposed in a hanging- wall crosscut 
of the Elkhorn mine, consisting of a series of thin-bedded strata, vary- 
ing in composition from nearly pure, extremely dense, and fine grained 
quartzites to calcareous and argillaceous shales. The rocks are indu- 
rated and metamorphosed and in the mine are really hornstones. The 
thickness is estimated at 40 feet, though in the mine a crosscut 120 feet 
long is driven through these and closely similar calcareous rocks which 
dip east at 40^. 
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SILURO-DEVONIAN ROCKS. 

Keene limsRtmie, — This formation consists of limestone beds which 
are so poorly exposed, owing to a covering of morainal and other debris, 
that their thickness is not accurately known, but is estimated at 500 feet. 
The basal beds consist of bluish-gray limestone, usuall}' altered to a 
fine-grained marble. The upper strata are more thickly bedded and 
lighter in color. The formation is, as a whole, slightly arenaceous and, 
though devoid of fossil I'emains, is believed to include the uppermost 
or Yogo limestone of the Cambrian series and the overlying dark- 
colored granular Jeflferson limestones of Devonian age. 

ZTnhm shale. — This readih' recognizable horizon comprises a basal 
bed of black shale 30 feet thick, overlain by a metamoiphosed siliceous 
limestone that is about 100 feet thick. The latter rock is altered to a 
light-colored jaspery material that weathers in smooth-surfaced, angu- 
lar blocks, whose outcrop sometimes forms low ridges. The forma- 
tion, like that below it, is broken by igneous intrusions, and no con- 
tinuous exposures occur. It is seen in numerous prospe<!t holes and 
may conmionly be recognized b}- the dual character. The best exposures 
are three-fourths of a mile north of the town, where the shale has been 
fruitlessly prospected for coal. 

Near the igneous rocks the formation is so altered as to be unrecog- 
nizable by its lithological character alone. Near the Union mine, at 
the head of Alpreston Gulch, it is altered to a light-colored rock. In 
Queen Gulch, near the Cemetery Ridge diorite stock, the shale is 
altered to dark puiplish-red hornstone, while the overljang siliceous 
limestone is an exceedingly hard, light-gray hornstone, much f I'actured 
by minute jointing. The horizon corresponds to the Three Forks shale, 
a Devonian horizon. 

CARBONIFEROUS ROCKS. 

MadiHon Ihnestomu — The great limestone series known as the 
'' Madison formation'' is conspicuous in the Elkhorn district, as it is 
elsewhere in the State of Montana. A conservative estimate of the 
total thickness in the Elkhorn region is 1,900 feet. The rocks consist 
here, as elsewhere, of limestones which in the lower half of the 
formation are dark colored and sometimes argillaceous, though usually 
the dark color is due to carbonaceous material. The middle portion 
of the series consists of very pure limestones, which are very resist- 
ant to weathering and usually form white cliffs that .are conspicuous 
features of the landscape. In this district, however, the limestones 
have been recrystallized into marbles, and as a consequence of their 
very coarse texture and friable nature weather somewhat readily, and 
hence do not form ver\' striking exposures. The best section is found 
on Crow Ridge, northeast of the town of Eilkhorn. The series contains 
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fossil remains, even in the marbleized areas, and these show the usual 
Lower Carboniferous forms common to the formation throughout the 
State. The following section has been made by Dr. Barrell: 

Section of the }fadison limestone on Crow Ridge 

Thickness 
In feet. 

0. Somewhat siliceous liiixestone 1 70 

8. Light-colored andesitic sheet 1 

7. Concealed limestones 225 

6. Light-blue limestone with dark-blue circular spots 7 

5. Pale-blue limestone with white seams and small crinoid stems 370 

4. Pale-blue massive limestone, forming at this point the lowest prominent 

outcrop 148 

3. Blue limestone with thin cherty seams 715 

2. Blue limestones, somewhat banded, with large crinoid stems and white chert 

bands prominent on weathered surfaces 66 

1. Blue limestones containing near the middle, at this point, beds holding abun- 

dant needle-like crystals of tremolite 200 

m 

Total 1,902 

A section made by the writer in the hills east of Elkhorn Creek, a 
few miles below the town, where the beds are unaltered, shows that 
the rocks are similar in character, and as the section goes up into 
the quartzite of the Quadrant formation and includes the red shales, 
which seem to be lacking in the section as exposed on Crow Ridge, it 
is given in detail: 

Sedion of the Otrhmiferous »trata cxjpoited in the hilh east of Efkhom Creek ^ 3 miles below 

the town. 

Thickness 
in feet. 

23. (Juartzite, rather coarse grained, dark colored on weathering, and very resist- 
ant 10 

22. Limestone, light gray in color, the outcrop forming a massive ledge 5 

21. Sandstone, impure and shaly, reddish in color 5 

20. Quartzite, gray, dense, outcrop marked by trees 15 

19. Limestone, gray, thinly and irregularly l)edded, cherty 4 

18. Quartzite in heavy beds varying in color and texture; the roc*k often shows 

smooth jointing and the weathered surface is knotte<l 35 

Quadrant formation: 

17. In exjK)8ure a soil shows sandy clays of reddish or brown color 15 

16. Limestone, gray and impure, and forming part of a clay -shale series 1 

15. Shale, red and purple 6 

Igneous intrusion of basic augitic rock, much decomposed 5 

14. Quartzite, white to buff in color, and occasionally pink 3 

13. Limestone shale, grading into limestone at })a8e, thin laminae of limy material 

alternating with arenaceous material 8 

12. Limestone, light gray in color; weathers with rough surfaces, jointed, and 

showing masonry-like outcrop 4 

11. Shale of buff to pink color; laminte from one-third to one-eighth of an inch 

thick; color possibly due to igneous intrusion beneath it 3 

Igneous intrusion of augitic rock 6 

10. Limestone, the upjxjr 4 feet forming a ledge outcrop 12 
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ThiclcnesB 
in feet. 

9. Impure limestone, in part red and dolomitic, and carrying sand 30 

8. Red limestones, the color due to blotches and included masses of reddish 

material in gray or buff limestone 10 

7. Limestone, forming rough ledge of pink-gray color with knotty and somewhat 

open-textured outcrop 10 

6. Sandstone, red and arenaceous, weathering into red clays, good exposures 

being rare 60 

Madison limestone: 

5. Limestone, gray, cherty, brecciated 10 

4: Limestone, gray, thinly bedded (IJ to 3 feet), of a slaty or blue color, carrying 

abundant chert fragments with seal-brown surface 30 

3. Limestones of typical Madison aspect, rather thickly bedded, showing 
blocky fracture and carrying large, irregular-shaped fragments of chert; 
the upper portion somewhat thinly bedded 255 

2. Limestone, very massive, w^ithout traces of bedding, the upper 30 feet of 
dark-blue or gray, very dense, cherty limestone, emitting a fetid odor when 
struck with a hammer 80 

1. Limestone, dark gray, weathering to a buff gray, and with a peculiarly gut- 
tered surface; carries occasionally black cherty masses of ovoid shape and 
shows Zaphrentis, crinoid stems, and corals 80 

Quadrant formatii/n. — The Quadrant formation corresponds closely 
in its stratigraphic relations and lithologic composition to the rocks 
known by this name elsewhere. Owing to the intense alteration 
to which the rocks have been subjected in Crow Ridge, the formation 
consists there of quartzite and hornfels; but if the same series be 
studied at the head of Queen Gulch, the rocks will be found unaltered. 
The sequence and character of the basal beds are given in the sections 
on the preceding page. The Crow Ridge section, which is given 
below, was measured by Dr. Barrell, and shows a thickness of 880 
feet between the Madison limestones and the Cretaceous rocks. 

Section of Carboniferous sedimentary strata {Quadrant formation) exposed on C^oiv Ridge 

I 

northeast of Elkhom. 

Thickness 
in feet. 

6. Alternating pure and calcareous quartzites, just beneath the lowest Mesozoic 

quartzite 75 

5. Quartzitic hornfels 20 

4. Light-gray quartzite ■. 7 

3. Lime-silicate hornfels 20 

2. Light-gray reef of lustrous quartzite 20 

1. Banded strata of light-colored lime-silicate hornfels, ranging from nearly 

pure limestones to nearly pure quartzites, the base of the series 240 

Total 382 

MESOZOIC ROCKS. 

Crow Sidge aeries, — Under this heading all the Mesozoic strata 
have been grouped, as, owing to the absence of well-defined litho- 
logic units or of fossil remains, it has been impossible to differentiate 
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the Juratrias or the groups composing the Cretaceous series. The 
only exposures of the. formation which lie within the district are those 
of highly metamorphosed rocks. Their original character was unques- 
tionably that of the impure limestones, shales, and sandstones w^hich 
characterize the formations of this age in other parts of the State, and 
which may be seen well exposed a few miles east of Elkhorn. At 
present, however, the rocks consist of hornf els, adinole, and quartzite, 
and show very intense alteration. The rocks are exposed in the 
amphitheater south of Elkhorn Peak and in the upper gorge of Elk- 
horn Creek, where they dip steeply to the east, and the ledges may be 
seen running down the slopes. 

The Crow Ridge series is best exposed on the southwest spur of 
Crow Peak, to which the name Crow Ridge is applied. The rocks 
consist near the andesite capping of light-cream, green, pink, and 
lavender hornfels and adinoles, alternating with steel-gray to pink 
quartzites. One bed of quartzite forms the narrow, even crest for 
one-half to three-fourths of a mile, the strike being N. 40^ W. and 
the dip 20^ E. A measured section was made of the rocks exposed on 
Crow Ridge, but the uppermost beds being capped by andesite the 
total thickness of the series is not known. The following section 
shows the thickness and character of the series. 

Measured xeclion of Mesozoic strata exposed on Crow Ridge^ northeast of Elkhorn^ Mont. 

Thickness 
In feet. 

Andesitic lava flows, with tuffs and breccias at the bottom, lying upon an 

erosion surface of Mesozoic, terminate the series. 

Mixed sediments, lime and clay predominating: 

30. Lime-clay-silica banded hornfels with mottling due to segregations 180 

29. Fine-grained dark shales with platy parting 260 

Mixed homstones and quartzites: 

28. Dark mottled lime-clay -silica hornfels 35 

27. Dark granular sandstone consisting of a water-sorted arkose and what may 

be a devitrified volcanic glass sand 40 

26. Light-colored lime-clay-silica mottled hornfels 60 

25. Light-gray medium-grained sandstone. 110 

24. Dark limestone, rather impure 48 

23. Calcareous quartzite * 12 

22. Light-colored lime-silica hornfels 40 

21. Intrusive sheet of light-colored andesitic porphyry 3 

20. Dark-blue homstone 22 

19. Thinly laminated quartzite 12 

18. Pure, lustrous quartzite 15 

17. Light-colored lime-silica hornfels 60 

16. Somewhat mottled lime-silica hornfels 12 

15. Coarsely granular quartzite 6 

14. Light-colored lime-silica hornfels 45 

13. Dark and conspicuously mottled hornfels 4 

12. Medium-colored lime-silica mottled hornfels 8 

11. Light-gray lime-silica hornfels 22 
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Thickness 
in feet. 

Granular eandstonep: 
10. Light-gray, cross-be<lde<i, granular sandstone, the grains consisting of what 

is probably a devitrified volcanic glass 50 

9, Similar to above, but bluish gray in color 37 

Limestone and homfels: 
8. Bluish-gray limestones with well-developed cleavage and many rust-colored 

hornfels bands 60 

7. Light-gray hornfels with many rust-colored bands 15 

6. Bluish-black limestones with well-developed cleavage 8 

0. Bluish hornfels, predominantly lime, wath abundant white to rust-colored 

siliceous segregations 10 

Quartzite series: 

4. Siliceous hornfels, somewhat banded, topographically prominent 150 

3. Coarsely granular quartzite, with some impurities 65 

2. Lime-silica hornfels, mottled wuth mineral segregations 20 

1. White, rather massive quartzite, topographically prominent 275 

Total 1,680 

The petrographic nature of these altered rocks ia fully described in 
the petrographic appendix to this report, and need not be further 
mentioned here. 



CHAPTER V. 

REIxATIO^iS OF liOCK M^188K8. 

Under this head it is proposed to give a brief account of the relations 
of the rock masses to one another, including the probable manner of 
intrusion of the igneous rw^ks and their relative age. The rocks 
themselves have been described in pre<'eding chapters; in this place a 
r6sum^ is giv^en of all the known facts concerning the d^'namic geology 
of the region, with such conclusions as seem to be justified hy the 
facts. 

The surface distribution and areal extent of the different rock 
masses are shown on the geological map (PI. XLV). The map does 
not, of course, give the known vertical relations of such masses, 
except in so far as they are expressed by the positions of the boundary 
lines in relation to the contours of the surface. The accompanying 
plates of cross sections (Pis. XLVIII and XLIX) represent vertical 
sections across the district along lines shown on the areal map, being 
designated by the same letters on lines and sections. The profile of 
each section is di'awn from the contour lines of the topogi-aphic map, 
and the geologic boundaries correspond to those of the geological 
map. The size, shape, and relation of the rock masses shown on the 
sections, though based upon all the known facts, are largely ideal, and 
it is evident that this must be so, inasmuch as despite the marked 
ruggedness of the district the natural exposures embrace ordinarily 
less than 1,000 feet of vertical distance, and between Elkhorn Peak 
and the lowest point in the district the vertical distance is but 3,400 
feet. 

SEDIMENTARY FOUNDATION OF THE DISTRICT. 

The sedimentary beds all lie at steep angles and have a prevailingly 
northward dip. The sinuosities of outcrop, as shown on the areal 
map, are largely due to topographic relief, since the strike is verv 
uniform, being approximately north and south. The rocks are trace- 
able into the beds forming the big fold east of Elkhorn Creek a few 
miles below the town, where the anticline is seen to be but one of the 
lesser folds of an extensive area in which the rocks form long anti- 
clines with interv^ening synclines, and in which topogi'aphic relief and 
geological structure in general coincide verv closely. The block of 
sediments at Elkhorn foims the eastern limb of an anticlinal fold, 
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the western limb and crest of the fold having formerly existed in the 
area now occupied by the granite. The axis of this anticline pitched 
southward. Of the western limb of the fold nothing definite is 
known, though it may be conjectured to have been steep and likely to 
develop into a fault yielding readily to the disrupting force of igneous 
intrusions. 

While the original structure of the sediments resulting from 
orogenic movements which preceded igneous intrusion was that of a 
simple arch, the folding of the rocks developed many lesser crumplings 
of the beds, and these creasings and crinkles, with accompanying slips 
and small faults, and crushing of the rocks of the big fold, were 
naturally most marked in the beds which formed the core of the arch. 
Such a minor fold is shown on the map 1,500 feet north of the shaft 
house of the Elkhorn mine by a marked bend in the outcrop; this 
little fold develops into a fault west of Alpreston Gulch. In the Ceme- 
tery limestone this fold sheared the rock and developed lines of fnic 
ture which were followed b}^ the dike-like intrusions of gabbro, while 
the fault into which the fold developed determined the southern limit 
of the gabbro stock. Other minor crumplings occur, but the two just 
mentioned are the principal ones, because they influenced, if they did 
not determine, the position of the igneous intrusion with which the 
ore bodies are genetically connected. 

GABBRO STOCK OF BLACK BUTTE. 

The gabbro stock is believed to be the oldest igneous mass of the 
district. As shown by the areal distribution of the rock, it occurs in 
detached masses, with many small bosses and rounded intrusions break- 
ing up through the sedimentary rocks that surround the main bodies, 
which are shown in the structure sections. Pis. XLVIII and XLIX, to 
be part« of one great bod}-. The occurrence of the smaller intinisions, 
as well as arms of the larger masses, along northeiist-southwest lines 
indicates that lines of fracture in the sedimentary rock were followed 

a 

by the intrusion, though it is evident that the latter rocks were exten- 
sively shattered at the time of the intrusion. From these and other 
details of occurrence observed in the field, it is inferred that the gabbro 
underlies a large part of the region drained by Alpreston Creek and 
that the various exposed masses are all parts of one deep-seated mass, 
from which the stocks and pipes now seen rise upward like branches 
from the trunk of a tree. 

The rocks adjacent to the exposed stocks show very great altera- 
tion — in fact, but little less than that of the included fragments seen 
in the rock. The strata about the Black Butte stock dip toward it 
from all sides, indicating a settling in of the crust upon the partially 
cooled and consequently contracted magma. This, however, is not a 
satisfactory explanation of the broken condition of the sediments south 
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of Black Butte, where occur several small intrusions that are not shown 
on the geological map owing to their limited extent, nor of the condi- 
tions seen upon the west slope of Black Butte,'where the gabbro holds 
so many fragments that in places more than one-fourth of the mass is 
composed of them. Siich occurrences seem clearly to indicate the 
taking up of shattered or brecciated material resulting from the frac- 
turing that opened a way for the intrusion. 

Both the alteration of the sediments and the coarse grain of the 
gabbro indicate prolonged and intense heating, followed by slow cool- 
ing. It should be noted, however, that the granitic rocks caused a 
later reheating and alteration of this same area, and that the effects of 
thermal metamorphism now observable may be largely the result of 
such later action. It is certain that the gabbr<V is later in age than any 
of the sedimentary rocks, since it cut across the folded beds whose 
folding was later than the time of deposition of the Cretaceous beds of 
the district, a period certainly not earlier than Middle Cretaceous nor 
later than the Laramie. 

The gabbro is known to be the oldest igneous rock because frag- 
ments of it torn off by the force of the later intrusions occur in the 
other igneous rocks. The western side of the Black Butte stock is 
sharply truncated by the granitic batholith, and it is im|)ossible to tell 
what the former extent of the gabbro may have been. The chemical 
composition of the rock might suggest that it was a vent from which 
andesitic lavas were ejected, but this is not suppoii;ed by the evidence. 
In fact, there is reason to believe that the entire mass was formerly 
covered by sediments, now largely worn away, and that no outlet to 
the surface ever existed. The intense altei'ation of adjacent rocks and 
the coarse grain of the gabbro certainly accord with this h3'pothesis 
and with the evidence that slow cooling of the mass took place. 

DIORITE STOCK OF CEMETERY RIDOE. 

In its relations to the sedimentarv rocks the diorite stock southeast 
of the town differs markedly from the gabbro stock just noted. The 
extremely irregular contact seen on the map shows that the rock has 
broken up through the limestones and entireh' replaced large masses 
of them. It is therefore remarkable to find isolated patches of Keene 
limestone lying upon the diorite and to observe a bloYk of Elkhorn 
shale extending up the ridge far out over the diorite, yet maintaining 
its original position. Field observations show that this mass and the 
patches of Keene limestone are merely cappings over the diorite. It 
is apparent that they are parts of a cover of sediments now nearly 
removed by erosion. The presence of the Union shale within the 
diorite suggests that it was able to resist the corrosive action of the 
molten rock better than the limestone. Between the Elkhorn argil- 
lite on tl\e west and the massive limestones fomiing the eastern wall 
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of the intrusion at least 600 feet of limestone is missing, showing that 
the intrusion not only forced apart the strata, but caused the removal 
of great quantities of limestone. It is certain, from the observed facts, 
that the intrusion must have been a very quiet one, scarcely disturbing 
the overlying sediments; yet the removal of a great mass of the Madi- 
son limestone would indicate violent rupturing of the rocks. The 
replacement of so large an amount can be accounted for in various 
ways. (1) It may have been floated upward or been ejected from a 
volcanic vent. This suggestion is negatived by the positive evidence 
that the intrusion was covered by a sedimentary cap subsequently 
removed b}^ erosion, and therefore there was no room for the floating 
of the blocks and no possibility of ejection. (2) The limestones, etc., 
that formerly occupied the place now held b}- the diorite ma}- have 
been fractured by the force of the intrusion, and the blocks sunk down 
through the liquid magma into the reservoir from which the igneous 
matter came. (3; The limestone may have been assimilated and dis- 
solved by the molten rock. The latter hypothesis Ls one for which 
absolute proof is necessary, as it is opposed to the observations made 
by scores of geologists the world over. Though the petrographic 
stud}'^ of the rocks shows no proof of this, the facts observed here 
seem to indicate some such action — viz, the apparent corrosion or eat- 
ing into the limestone by the diorite, the lack of disturbance of the 
strata, and, lastly, the very uneven, stringy, or smeary nature of the 
diorite itself, which, as is shown in the petrographic appendix, varies 
from shonkinite to quartz-diorite, and which in the fi^eld is seen to vary 
from place to place. 

DIORITE-PORPHYRY LACCOLITH OF QUEEN GULCH. 

The massive diorite-porphyry seen at the junction of Turnley, Queen, 
and Elkhorn gulches constitutes an intrusion which is laccolithic in 
character. The bottom of the mass rests upon altered sediments (Star- 
mount hornfels) and andesitic rock, the contact plane dipping SW. 
at 42"^. The exposure seen along the railroad loop shows that the 
intrusion domes up the andesites, the upper contact at this place dip- 
ping SW. at 25^. The andesitic cover has been largely removed by 
erosion, ])ut enough is left to show clearly that the mass constitutes an 
inclined laccolith intrusive in andesitic rocks. Sections and 8 of 
PI. XLIX cross the laccolith at unfavorable places, so that the lacco- 
lithic structure is not well shown in them. The latx^olith rock is 
clearly younger than the andesites, but as it does not come in contact 
with any of the other igneous rocks of the district no further state- 
ment as to its age can be made, though it might be inferred from the 
composition and mineralogic character that the rock formed a part 
of the genei'al andesitic eruptions, and was therefore older than the 
quartz-diorite and the granitic rocks. 
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TURNLEY RIDGE QUARTZ-DIORITE-PORPHYRY STOCK. 

This rock forms a very irregular intrusion, breaking up through the 
oldest sedimentarj' strata and through the andesitic rocks at the junc- 
tion of Queen and Elkhorn creeks. The mass is clearh^ intrusive, as 
is shown both by its field relations and by the contact chilling of the 
rock and the fragments of older formations which it carries. The 
intrusion itself is cut by the granite (quartz-monzonite), and the meta- 
morphic effects due to the quaitz-diorite-poiphyiy can not be satisfac- 
torily distinguished owing to the great heat due to the later intrusion. 
The mass is deeply dissected by the gorge of Elkhorn Creek, and good 
exposures are common, though rock debris covers large parts of the 
area. The location and shape of the intrusion are believed to be due 
to the presence of Algonkian and Cambrian shales. These rocks, which 
are easily invaded by igneous magmas, owing to their weak resistance, 
are commonlv the site for intrusive rocks in manv districts in the State. 
It is true that these formations as now seen at Elkhorn are tough and 
resistant, but this character is the result of the metamorphism effected 
by the igneous magma itself or by later intinisions. It will }>e observed 
that the shape of the intrusion, as shown on the map, corresponds in a 
general way with the strike of the sedimentary rocks. The actual con- 
tact, however, is quite uneven, tongues of the porphyry invading the 
easily ruptured sediments and sending out wedge-shaped masses and 
sheets which split apart the strata. The southern end of the intrusive 
mass has a dike-like arm but a few feet wide which cuts across the sed- 
iments and is well exposed in Queen Gulch. To the north the mass is 
a mile wide and is bounded by a variety of rocks, into all of which, 
except the granite, it sends out intrusive arms. The granite is clearly 
later than this rock and cuts it. The map, PL XLV, and sections 5, 6, 
7, and 8 of PI. XL VIII show the relation of this mass to the adjacent 
rocks. It will be observed that the intrusion as drawn on the sec- 
tions is assumed to widen out toward the surface. This is inferred 
from the fact that the rock has split apart the strata and sent out 
wedges into the rocks on every side, and this it could more readily do 
if the intrusion was somewhat funnel shaped, broadening at the top. 
The included mass of sediments shown in sections 5 and 7 of Pis. 
XLVIII and XL IX corresponds very closely in orientation to the masses 
lying to the north of the intrusion. These rocks, which are essentially 
quartzitic, probably extended northward and connected with a larger 
mass in the area now occupied b}' the granite. The writer does not 
believe that the evidence warrants the assumption that this large block 
of sediments has been torn loose and floated into its present position^- 
a position so closely corresponding to the original one occupied by the 
sediments before the invasion of the porphyry. 

The relative age of the rock is determined by very satisfactory 
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evidence. At the contact with the andesite, where an apophysis of 
porphyry projects into the latter, the rock shows a distinct chill texture, 
visible to the eye and unmistakable when the rock is seen in thin section 
under the microscope. On the hill crest, 3,000 feet west of the town, 
the porphyry includes two masses of gabbro-diorite which, though too 
small to have produced any chilling of the porphyry, are themselves 
slightly metamorphosed. As these inclusions have a small slab of the 
Starmount homfels attached to them, an association common in their 
original position, it seems clear that they are fragments broken loose 
from the main gabbro mass. The relations of the porphyry to the 
quartz-^onzonite are also clear. The contact line is sharp and a care- 
ful search of the granite reveals occasional masses of quartz-porphyry 
but a few inches in diameter inclosed in the granite. It is therefore 
certain that the poi'phyry is an earlier intrusion and not merely a dike- 
like extension of the granite mass. The conclusion is reached, there- 
fore, that the quartz-diorite-porphy ry was the latest intrusion preceding 
the great welling forth of the granite. 

ANDESITIC MASSES OF ELKHORN PEAK, QUEEN GULCH, AND 

ELKHORN GULCH. 

Andesite. — Although great quantities of andesitic rocks exist in the 
district and form mountain masses for manv miles about it, the rocks 
are almost entirely exti'avasated lavas. At Elkhorn Peak and at 
Turnley Gulch intrusive rocks occur, but the rocks do not constitute 
masses filling the conduits from which the breccias may be supposed 
to have come, but are later rocks cutting the breccias, though of the 
same general chai^acter and period of einiption. The source of most 
of these andesitic rocks must have been some point or points west of 
the district in the region now occupied by the Boulder batholith, the 
small size of the fragments composing the breccias and the easterly 
dip of the beds pointing to a source at least several miles westward. 
On the other hand, the extensive bodies of intrusive andesitic rocks 
carrying such enormous blocks of limestone as that now forming the 
marble cliff of Elkhorn Peak (XL VII, B) indicate a source of supply 
close at hand. 

That the andesites formerly covered a large part if not all of the 
district seems probable from the occurrence of these rocks in Queen 
Gulch, at a low elevation, and in the gorge of Elkhorn Creek below 
the mouth of Queen Creek. The physiography of the region shows 
that it has been extensively faulted since the granite batholith was 
formed, but despite this the evidence seems clear that the andesitic 
rocks were thrown out by volcanic eruptions of great magnitude, and 
fell upon and covered a region consisting of highly folded sediments 
carved into a country nearly as ragged as that seen to-day. There 
seems no alternative but to accept the conclusion that these rocks cov- 
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ered the district to a considerable depth, the surface sloping rapidly 
toward the southeast. Despite the enduring character of the rock 
and the fact that the highest peaks are now formed of it largely 
because of this character, it is true that it wastes and is removed by 
stream and frost very rapidly, and enormous masses of it must have 
been removed and carried down into the valley of the Jefferson River 
during the long period that has intervened since the formation of the 
rocks. 

Ma/rhle cliffs. — ^The andesitic rocks of Elkhorn Peak consist in part 
of indurated metamorphosed fragmental rocks — volcanic breccias and 
tuffs — forming its summit and the crest westward, and of underlying 
massive intrusive rocks, which sometimes occur as sheets between the 
altered breccias and constitute the great mass of Elkhorn Peak. The 
latter rocks have apparently been intruded during the activity of the 
andesite volcano, being injected between the sedimentary platform 
and the overlying fragmental material making the former volcanic cone. 
A measure of the magnitude of the intrusion just mentioned and 
of its force is afforded by the inclusions of altered limestone found 
within it. These inclusions are clearly blocks torn off from the under- 
lying Madison limestone and borne into their present position by the 
force of the ascending magma. The largest block is well exposed on 
the western flank of Elkhorn Peak and in the white cliffs which are 
so conspicuous a feature of the peak, and look like a bank of snow 
when seen from the south. These cliffs are shown in PI. XL VII, B^ 
which has been made from a photograph taken on the shores of a lake- 
let that fills a hollow in the amphitheater bottom. Beneath the white 
marble cliffs the dark andesite is seen, with a second or lower stratum 
of white marble beneath it. The view shows the dark-colored ande- 
sitic rocks projecting above the snow bank that overlies the marble 
cliffs. The higher slopes seen on the right-hand side of the view are 
also andesite, but the line of cliffs beneath them consists of hornstones 
belonging to the Mesozoic or Crow Ridge series, with a tongue of 
aplitic granite beneath them. The rock composing the white cliffs is a 
very coarsely granular and glistening marble whose individual gi^ains 
are oftentimes an inch across. The mass is 125 feet or more thick in 
the cliff, and may be traced across the gently sloping shoulder of 
Elkhorn Peak for a distance of 3,000 feet. The lower marble mass 
seen in the view is in some places 50 feet thick, and is also traceable 
across the north side of the peak for a distance of not less than 2,000 
feet, though it is in part concealed by debris, and its northward 
extension is inferred from the presence of occasional blocks of lime- 
stone and from exposures afforded by several prospect pits. This 
lower mass of marble is cut by stringers and dikelets of andesite. Its 
eastern end is abruptly truncated by the andesite, and westward it 
graduall}'^ wedges out, as shown on the map. The rock, though in the 

22 GEOL, PT 2—01 29 



450 ELKHORN MIirtNG DISTBIOT, M015n?ANA. 

main a pui'e marble, contains two bands of white hornstone, one 3 
feet and the other 3 inches in thickness. These hornstones are clearly 
an alteration product of interbedded layers of impure limestone, and 
therefore show the original stratification planes of the rock. They dip 
NE. at 18^. To the southwest the lower block of marble rests upon 
aplitic granite, which has been intruded between it and the andesite, 
the latter rock elsewhere underl3nng it. The upper and larger block 
of marble also shows by a band of impure limestone that the dip of 
the strata is slightly greater than the dip of the underlying mass. It 
appears probable that these two blocks were foimerly united and 
have been wedged apart by the intrusion of andesite, the relative 
position of the blocks indicating that the wedge entered from the 
west. The isolation of these blocks at an altitude of several thousand 
feet above the Madison limestone and so near the Mesozoic beds shown 
in the plate indicates either that very profound faulting has occurred, 
or that these blocks have been torn from some deep-seated mass and 
floated into their present position in the liquid andesite inclusion. 
Direct upward movement is improbable in view of the wedging apart 
of the blocks from the west. The more reasonable hypothesis — and 
one supported b}- the occurrence of many smaller included blocks of 
marble seen in the cliffs to the east — is that a great flood of andesitic 
magma welled up from some vent to the westward, lifted the overlying 
breccias, and intruded itself between' them and the Mesozoic shales. 

In summary, the facts already presented show that the andesites rest 
upon sedimentary rocks of greatly varying age and that the contact 
occurs at w^idely different elevations. It is inferred from this that the 
breccias and lava flows composed of these rocks covered a very rugged 
area of sedimentary strata. The breccias show a rude bedding dipping 
eastward on Crow and Elkhorn peaks and southward in the mountain 
mass southwest of Elkhorn. These relations indicate that the source 
of the material lay somewhere to .the west of the Elkhorn district, and 
from the character of the beds there seems reason to believe that the 
masses now seen are the residual parts of a great volcanic pile whose 
center lay some miles to the west of Elkhorn. Direct evidence of this 
has been removed as a result of the granite intrusion, with later uplift 
by faulting and subsequent erosion, but parts of the western slope of 
the former andesitic volcanic cone may be well seen west of Boulder 
Valley. 

GRANITIC BATHOLITH. 

As noted in the introductory chapter, the Elkhorn district includes 
the border of a great granite area extending for many miles to the 
west of Elkhorn, and reaching from the vicinity of Helena to the 
Highland Mountains south of Butte. This great mass of granite is 
all one connected mass and has been named the '^ Boulder batholith." 
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On the reconnaissance map that shows the relations of the Butte dis- 
trict to the surrounding region this batholith has been outlined and 
its relations have been studied. At a number of points throughout 
the granite region this rock is covered by andesitic rocks which were 
at first thought to be more recent than the granite, lying as they do 
upon it. Isolated masses occur at scattered localities, and in each case 
the relation seems to be the same. Notwithstanding the altered charac- 
ter of the andesites, which quite clearly showed the intrusion and 
metamorphism of the fragmental forms, no positive evidence was 
developed in the central part of the area of a more recent age of the 
granite. Later studies, however, at Elkhorn, at Pipestone Hot 
Springs, and at a point midway between these two localities, showed 
conclusively that the andesite is older than the granite, as fragments 
of it are included in the granite mass near its borders. Abund- 
ant evidence that the aplite is later than the andesitic rocks was 
found at Elkhorn. The specimen figured in PI. LXII, J?, shows 
this relation, as a minute stringer of aplite is seen penetrat- 
ing the fractured andesite. These facts, together with the meta- 
morphosed condition of the breccias seen upon the granite, show that 
the andesites are in part, at least, the remnants of a former cover to 
the granite batholith, the latter having broken up through an extensive 
area of andesitic rocks, the heat of the intrusion producing a meta- 
morphism of these rocks, as it has of all the others adjacent to it. The 
nature and manner of intrusion of such enormous masses of granite 
are as yet imperfectly understood, but the present district offers 
exceedingly favorable conditions for a study of such phenomena. As, 
however, the problem is a large one and must be studied in its entirety, 
it is not within the province of this report to deal with it, except in 
such features as mar come within the Elkhorn district. 

Within the region herein described the granitic rocks are clearly of 
later origin than any other rocks. They are intrusive in the other 
igneous rocks and carry fragments of the latter. They abut against 
the truncated ends of the sedimentaries, and have undoubtedly dis- 
placed large amounts of both sedimentary and igneous rocks lying to 
the west of the present limits of those formations. 

The granitic rocks of the batholith are extensively fissured. These 
fissures are grouped, and are much more prominent in some areas than 
in others, closely sheeted rocks occurring near areas showing no sheet- 
ing. The very striking bowlders and groups of monoliths that distin- 
guish the granite area are due to the presence of these fissures. The 
fissures belong to two well-marked systems: (1) A system of vertical 
joints is most common, and produces a true sheet of the rock; the planes 
are vertical or approximately vertical, and are observable everywhere 
throughout the batholith, though the closeness of the sheeting planes 
varies greatly from place to place. Close spacing occurs in local areas, 
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and may result in a platy structure of the granite; more commonly the 
fissures are farther apart and do not show except on weathered sur- 
faces. The direction of the vertical fissures varies greatly in diflferent 
parts of the batholith. In the Elkhorn area. their strike varies widely, 
as is shown by the strike and dip marks on the geological map, PL 
XLV. In general, however, there is a tendency for the sheet to 
approximate parallelism with the contact line between the granite and 
the other rocks. (2) Diagonal fissures are always present, though 
often obscured by the more prominent vertical system. Their recog- 
nition is dependent upon their development by weathering. These 
diagonal fissures dip in opposite directions, the angle between them 
being 90^, though their strike is the same. The result is the intersec- 
tion of the granite into rudely rhombic forms. Becker* has shown 
that such fissures are fault planes; that they never gape, but are mere 
cracks; that they are not partings or true joints; that they show move- 
ment by occasional slickenside faces and by measurable displacements 
usually of less than an inch for each fissure. The aggregate of such 
minute displacements he has estimated to be several thousand feet for 
the Sierras. 

The batholith rock is remarkably free from inclusions of other rocks, 
even where it has broken irregularly through them. Only two small 
limestone inclusions have been seen in the granite at Elkhorn, and 
these are shown on the geological map. The first is a block of marble 
about 65 feet wide and 100 feet long; the second a mass of garnetifer- 
ous lime-silicate rock some 200 feet across. 

The peculiarities of rock metamorphism observed on Crow Ridge 
give ground for the belief that the granite batholith extends under the 
sedimentary area of the district, the contact dipping to the east, but 
no direct evidence has been obtained to show that it does so here, as it 
does at other places about the borders of the batholith. 

The andesites rest upon an eroded surface of sedimentary rocks as 
irregular as that seen in the district to-day, and it is therefore evident 
that the granite, where it is exposed near such contacts, was not 
covered by sedimentary rocks, but must have come against andesites. 
Moreover, in the central parts of the batholith remnants of an ande- 
sitic cover still exist, and the granite must have either penetrated 
between the andesites and the base upon which they rested or removed 
the basal rocks, whatever they were. A consideration of these rela- 
tions and of the profiles shown in the cross sections shows that the 
batholith cover was never very gretit and probably consisted of 1,000 
feet or less of ande^itic rocks. 

The formation of the granite batholith obliterated all evidences of 
the fomior character of the western part of the Elkhorn district. 
Since the batholith was formed there has been no further igneous 

1 Struct\ire of a portion of the Sierra Nevada of California: BuU.Geol. Sot;. Am., Vol.11, p. 50. 
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activity within the borders of the Elkhorn district. To the west spo- 
radic outbursts of rhyolitic magmas occurred at a somewhat later 
period, but as they often rest directly upon the granite they show 
that a long period of erosion intervened after the formation of .the 
batholith, a period sufficient to permit the carrying away of the ande- 
sitic cover over a part, at least, of the area. In the Elkhorn district 
the work of erosive agencies has materially modified the surfaces, but 
the relative elevation of the peaks is probably the result of faulting in 
which north-south faults depressed the Elkhorn and Crow Peak area 
relatively to the Boulder Valley. Within the immediate district itself 
there is, however, little evidence of faulting. The sheeting or distort- 
ing of the granite has already been mentioned, but inasmuch as defor- 
mation by shear would scarcely show in the altered rocks if it were 
distributed over a considerable area, any slips or faults which might 
be individually insignificant would be i-ather large in the aggregate. 
Two cases of faulting were observed in the surface rocks. The first is 
a fault plane dipping east at an angle of 40^ and cutting two small 
diorite dikes which permit a measurement of the displacement, which 
proves to be but 3 feet in the southern part. This is seen in the rail- 
road cut 1,800 feet south of the station. A second instance is seen in 
the southern part of the district, where three faults, whose dip is N. 
10° E. and whose angle of dip is 50^, traverse a block of Starmount 
hornfels and produce an aggregate throw of about 6 feet. These 
faults, like those seen in the underground workings, are small and 
seem referable to the granite intrusion. 

Concerning the later history of the region, it can only be said that 
it has suffered continued and prolonged degradation from ordinary 
atmospheric agencies since Miocene times, the only marked episode 
in its long period of erosion being that of local glaciation. The tilting 
which ponded the rivers of the State and filled the larger valleys with 
lacustrine debris has left no record of its action within this area, and, 
indeed, does not appear to have affected the general relations of the 
rocks. The amount of erosion that has taken place can not be reliable- 
estimated. It is, however, evident that sev'eral thousand feet have 
been removed since the batholith was intruded, for the andesites of 
Elkhorn Peak were at least 1,000 feet thick on the western flank of 
the mountain, and over this area these rocks have been remov^ed and 
the granite itself has been trenched to a depth of 3,000 feet or more. 

GLACIATION. 

In the Elkhorn district the effects of glacial action are seen at sev- 
eral places in conspicuous morainal heapings and accumulations of 
bowlders. The most prominent moraine extends entirely across the 
valley of Elkhorn Creek above the town. This is well shown in PI. L, A. 
There is a widespread distribution of bowlders in the mountain gorges 
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that indent the side of Elkhorn Peak, but the district was never cov- 
ered by a general ice sheet, the glaciation being purely local and of 
the alpine t3'pe. The snows of each winter accumulate to consider- 
able depths in the amphitheater of Elkhorn Peak and exist as snow 
banks late into the summer, and through the Glacial epoch these 
amphitheaters were undoubtedly filled to a depth of 1,000 feet or 
more. This snow must have formed small glaciers during the early 
Pleistocene period, which pushed down the principal gulches, the largest 
glacier coming down Elkhorn Creek a couple of miles and depositing 
the bowlder material on which the town is built. Pre-Glacial erosion 
undoubtedly furnished an abundance of loose material, which, together 
with the blocks loosened by frost from the amphitheater cliffs, were 
borne on the surface of the ice or carried in its grasp to form the 
well-marked moraines now seen. The amphitheater walls show no evi- 
dence of ice erosion other than the removal of the debris and the general 
clearing out of the amphitheater. Rounded and ice-worn ledges of 
andesite are seen near the divide east of Elkhorn Peak. The amphi- 
theater floors, however, show no rounded bosses, but are littered by 
bowlders which conceal the underlying rock. The water-filled glacial 
hollow, seen in XLVII B^ and two similar depressions lying a half mile 
to the northeast are possibly rock basins, though the accumulation of 
debris prevents positive proof. 

The glacier which flowed down Elkhorn Peak was foimed by the 
confluence of two sheets, one coming from the marble cliff amphi- 
theater south of Elkhorn Peak, the other from the amphitheat/cr 
between Elkhorn and Crow peaks. The two glaciers united below Icy 
Lakelet, the pool shown on the map and in PL XLVII, B, The western 
glacier was the larger and crowded the lesser one toward the east, and 
in its retreat left great bowlders of granite scattered over the andesite 
slopes and upon the metamorphosed Mesozoic shales. The confluent 
ice sheet flowed down the valley to a point opposite the mouth of 
Alpreston Gulch, reaching an elevation of 6,800 feet. At a later period 
its front was about one-half mile above the town of Elkhorn, at which 
point the ice must have maintained a nearly constant position for a 
considerable length of time, as the terminal moraine at this point 
is unusually large for so small a glacier, being several hundred feet 
high and extending clear across the valley. As seen from the town, 
it completely dams this valley, as is well shown in the photograph 
taken from near the railroad station, PI. L, A, This moraine shows 
a step-like profile, and consists of gmnite bowlders up to 10 feet in 
diameter, with smaller masses of andesite and hornstone, the whole 
forming mammillaiy hummocks with intervening kettle holes. This 
tenninal moraine passes northward into a well-defined lateral moi-aine 
lying high up on the slopes west of the valley, while a much smaller 
lateral moraine is seen low down on the opposite eastern slopes. In the 
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granite area at the head of Turnley Creek the moi'aine is less conspicu- 
ous, as the glacial bowlders are all of granite and aplite, and rest upon 
a granite surface, where they closely resemble tlie ordinary bowlders 
of disintegration common to the granite area. There is a strong 
contrast in the character of the glaciated and unglaciated areas. The 
valleys which have not been glaciated show steep sides and rounded 
bottoms, with firm soil and no swamps, while the glaciated pails of 
the same valley are paved with huge bowlders and show a scant}' dark 
soil covered with i^ank vegetation and occasional swampy areas. The 
geological map, PL XLV, shows the extent of the ice-covered areas, 
the well-marked moraines being indicated by a darker tint than that 
marking the general extent of the bowlder heapings. It is evident 
that glaciation did not materially affect the topography of the region, 
though many of the picturesque aspects of the present sceneiy are 
due to its erosive action. 



CHAPTER VI. 

GENERAIi EFFECTS OF THERMAL. METAMOBPHISM OF THE 

ROCKS OF THE DISTRICT. 

The following account of the more prominent features of the thermal 
or contact metamorphism of the sedimentary rocks by the ig'neous 
intrusives presents only the more salient results of this action. 

Both the sedimentary rocks and the later igneous rocks have been 
metamoi-phosed by the great bodies of molten magma intruded in them. 
This change, often called local or contact metamorphism, is herein 
designated hydrothermal metamoi'phism, because it is due to the heat 
and vapors of molten intrusion. Since it is caused by the igneous 
masses, the alteration is naturally greatest near them, and is less and 
less away from their borders. The changes due to thermal meta- 
morphism differ very markedly from the results of ordinary rock 
disintegration, or rock alteration, and are also different from those 
changes which are due to metasomatosis. Thermal metamorphism 
embraces those changes produced in a rock mass by the influence of 
high temperature due to the intrusion of an igneous magma. These 
changes are of two kinds; first, physical; second, mineralogical. The 
physical changes are very marked. In limestones the alteration consists 
of a bleaching or whitening of the rock and its conversion into coarsely 
crystalline marble. In impure limestones the alteration results in 
marked mineralogical changes which give the rock an entirely different 
color, character, and appearance and make it usually coarser grained 
and harder than the original rock. The sandstones are altered to com- 
pact, almost flinty quartzites. The clay shales and the associated rocks, 
which consist largely of clay, together with calcareous or siliceous 
matter, are intensel}^ altered and most commonly are found to form 
very dense, hard rocks of extremely compact texture which break with 
a conchoidal fracture and which, because of this compactness and 
smooth fracture, are often called hornstones. These hornstones have 
lost almost all trace of the original plane of bedding. They break in 
either dicy or rhomboidal bits, and the original stratification can be 
determined only b}" faint color bands. Very often, however, even 
this criterion is difficult to distinguish unless weathering develops a 
surface on which the original bedding plane is indicated by slight 
ridging. In none of the altered rocks at Elkhorn is a true slaty 
456 
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cleavage developed, either by thermal metamorphism or by other 
changes. In the less altered rocks a lamination which approaches a 
slaty structure in general appearance may still be obsei-ved, but in 
this case, as, for instance, that of the hanging-wall rock of the Elkhorn 
lode, the apparent slaty cleavage coincides with the original bedding 
of the rock or is due to slipping along bedding planes. 

The mineralogical changes are those due to a reari'angement of the 
material composing the rock, a change in which new chemical combi- 
nations are effected and new minerals formed. In pure calcareous 
rocks the limestone is simply recrystallized and forays a marble whose 
coarseness of crvstallization is in a wav a measure of the intensitv and 
duration of the heating of the rock. 

The argillaceous rocks commonly contain silica, and recrystallize as 
aluminum silicates. The pure siliceous rocks recrystallize as quartz- 
ites. It is apparent that without the addition of material from out- 
side, as, for example, by pneumatolytic action, the pure silica and pure 
lime rocks do not change in mineralogic composition. Where, how- 
ever, the rocks are mixtures, as is so commonly the case in sedimentary 
strata, thev are strikingflv altered. The siliceous calcareous shales 
form coarse and patchy aggregates of lime and magnesian silicates. 
Diopside and garnet (the lime-aluminum garnet, grossularite) are very 
common, and, if iron is present, epidote occurs in abundance. 

Arena ceovi< rocks, — Sandstones are but little affected by thermal 
metamoi^jhism unless they contain impurities. A pure quartz sand- 
stone will recrystallize as a quartzite if the temperature be sufficiently 
high, and thii^ has happened at many places in the district. As a rule, 
however, the alteration consists in a hardening of the sandstone and 
not an entire recrystallization. If the original rock was impure — and 
impure sandstones are especially common in the Mesozoic strata com- 
posing the long spur of Crow Peak l\'ing to the northeast of Elkhorn — 
the resulting product may not have any resemblance to the quartzite, 
but may consist of garnet, mica, etc. 

Arg!Uace()Hi< rock^. — The shales are commonly baked or altered to a 
dense, flint}' product known as hornstone, which breaks in angular 
chippy fragments and commonly has a well-developed cubical fracture, 
often breaking into cubes. It is usually dark colored, has a very 
homogeneous and very finely granular texture, which is sometimes 
sugary. These pass into those forms in which the metamorphism has 
been greater and the rocks are light colored, white, pale green, laven- 
der, or pink, and have the texture and appearance of a fracture surface 
of porcelain. A perfectly pure argillaceous rock would form mica- 
ceous schists, but most of the shales contain impurities which deter- 
mine their alteration to compact, fine-textured rocks consisting of 
various alteration minerals. In this district the spotty slates and 
flecked rocks seen in similarly metamorphosed areas elsewhere were 
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not observed. Such spots are due sometimes to carbonaceous matter 
where the rocks are slightly metamorphosed, or in more altered forms 
to areas free from mica. At Elkhorn extreme metamorphism has 
resulted in the formation of extensive masses of compact-textured 
rock which are best grouped as hornstone. 

Ca2<:areous rocks, — The most striking effects of hydrothermal meta- 
morphism are produced in the impure argillaceous limestones or 
calcareous shales. In these rocks the carbonic acid is completely 
eliminated and the whole is converted into a lime-silicAte rock. As 
the alternating stmta frequently consist of very different original 
material, the resulting rock varies greatly in appearance and may con- 
sist of aggregates, often coarse, but commonly fine grained to compact, 
of lime-rich silicates, with quartz, biotite, etc. 

Fumarollc alteration. — The presence of tourmaline and axinite shows 
that there has been fumarollc action as a result of the vapors of the 
cooling igneous rocks. That such vapors are developed in large quan- 
tities by magmas is well known from observations on active volcanoes 
as well as abundant evidence about which there can be no doubt. Such 
vapors would naturally penetrate along fissures or porous strata and 
produce marked alteration. 

The impregnated bed of garnetiferous hornstone which constitutes 
the ore body of the Dolcoath mine may have originated, as suggested 
by Dr. Barrell, from the shrinkage induced in a stratum of impure 
limestone contained between beds of pure limestones which have 
suffered little change in mass or volume. In the metamorphism of the 
impure stratum the carbonic acid is driven off and the rock loses 
upward of 30 per cent of its weight and 50 per cent of its volume, 
and, being steeply tilted before metamorphism, the result would bo a 
porous layer whose formation may be likened to that of terra cotta or 
brick from clay. Such a porous layer would afford ready passage for 
fumarollc vapors or mineralizing gases. The ore stratum is evidently 
an altered limestone bed. It is 15 to 18 inches thick and dips E. at 
55°. The ore occurs as silvery spots from 1 to 25 mm. across, and is 
often associated with calcite scattered through the rock. It consists 
of telluride and sulphide of bismuth carrying gold. The ore is appar- 
ently confined to this narrow stratum because its porosity is greater 
than that of the adjacent and confining limestone beds. The rock hold- 
ing the ore consists of nearly equal parts of diopsido and grossularite 
with calcite, as noted in the appendix. The ore occurs with diopsido as 
well as with calcite. The latter is evidently a product of later infil- 
trating solutions, as it forms veinlets and fills the cavities lined with 
crystals of garnet, diopside, etc., with poikilitic calcite crystals. 



CHAPTER VII. 

MINERAIiS OF THE ORE DEPOSITS OF THE DISTRICT. 

The ore bodies of the Elkhorn district contain but few mineral 
species, and most of them are of common occurrence in ore deposits 
elsewhere. The oxidized portions of the Elkhorn lode have, however, 
yielded native silver in crystalline aggregates of extreme beauty, the 
specimens being equaled in America only by those of the Batopilas 
mine in Mexico, while the calamine, found abundantly in the upper 
levels of the Elkhorn mine, is perhaps the finest crystalline material 
yet found in this country. 

The minerals composing the contact-metamorphic rocks, which con- 
stitute the gangue of some of the ores in the lesser deposits of the 
district, are sometimes finely crystallized. This is particularh'^ true 
of axinite, but garnet, epidote, and other minerals also occur in crys- 
talline masses. 

ORE MINERALS. 

The ore minerals proper include the metallic sulphides, galena, 
bournonite, tetrahedrite, pyrite, and blende, with indeterminable rich 
silver sulphides. The decomposition or oxidized products of these 
sulphides, found in the upper parts of the deposits, include native 
silver, cerussite, calamine, a little minium, malachite, horn silver, 
linarite, aurichalcite, and descloizite. Accompanying these the gangue 
minerals quartz, dolomite, and calcite occur, together with fragments 
of country rock, garnet, and pyroxene. 

Galena {sulphkh of lead), — Argentiferous galena forms ore bodies 
in the Elkhorn, Queen, and C. and D. mines, as well as in a number of 
prospects. It occurs massive^ is usually coarsely crystalline, and 
is commonly associated with blende, and sometimes with pyrite. It is 
frequently somewhat shattered, and crumbles readily on being struck 
with a hammer. No well-formed crystals were seen, nor any material 
of undoubted secojidary origin. It occurs in bunches or pockets with 
the pyritic ores in the C. and D. mine, and forms great masses in the 
foot-wall limestone of the Elkhorn mine, which, upon extraction, left 
large caverns. 

Bournonite. — ^This antimonial sulphide of copper and lead occurs 
sparingly in the quartzose ores of the Elkhorn mine. No well- 
crystallized specimens were seen, the mineral occurring as grains 
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scattered through the quartz and somewhat resembling the more com- 
mon tetrahedrite. 

Tetrahedrite (gray copper ai^e^ cmtimonial sulphide of copper). — ^This 
mineral occurs abundantly in the Elkhorn mine, where it is highly 
argentiferous, and probably also contains lead. It is always coarsely 
crystalline and massive, and occurs in grains and masses in the 
quartzose ore, where it is associated with pale-brown blende. It is 
rarely found in the foot-wall bodies, and is then also associated with 
quartz. It is probably the parent mineral of the native silver and 
silver-rich oxidized quartzose ores of the mine. 

Pyrite (iron sulphide), — ^This is of common occurrence, not only in the 
Elkhorn mine, but in all the prospects of the district, and is also found 
in grains scattered through the igneous rocks, particularly the gabbro 
and the diorite-porphyry. In these rocks it is in part of primp.ry 
origin, but mainly secondary formation, and was undoubtedly derived 
from the augite and other ferromagneaian minerals by the action of 
mineralizing solutions or vapors in the ore bodies. It is usually mas- 
sive, vfery light colored, and forms the bulk of the ore in several mines. 
In the Elkhorn mine, though abundant, it does not form a large part 
of the ore, and is usually massive. In the drusy cavities in the mas- 
sive pyritic ore well-crystallized specimens have been found which 
show the usual well-formed pentagonal dodecahedron; more rarely it 
occurs in cubical form. Assays made of the pyritous ore show it to 
contain silver, but as the massive material usuallv contains admixed 
particles of galena it is probable that the silver comes from them. 

Tetradymite (sulphide and telluride of hismuth), — This mineral 
occurs in grains up to one-eighth of an inch across in the garnetifer- 
ous rock of the Dolcoath mine. It is somewhat altered in the oxidized 
material for a few feet below the surface, and then shows masses of 
free gold having the usual rusty or bronzy tint of gold derived from 
a telluride. The fresh mineral is brightly metallic, with the usual 
silvery luster, and shows a distinct foliation. Tests made in the chemi- 
cal laboratory show it to be a mixture of bismuth telluride and bis- 
muth sulphide. In altering, the mineral loses its laminated character 
and the folia become fibrous. It occurs in minute grains dissemi- 
nated through the garnet, and in larger grains associated with calclte 
in the massive garnet of this mine. The origin of the ore deposit 
and the genesis of the mineral is discussed in an account of the Dol- 
coath mine. 

Bismuthite (sulphide of hisniuth). — This mineral occurs intimately 
associated with, and in the specimen is indistinguishable from, teti'ady- 
mite. It is found only in the Dolcoath mine, and its presence was 
determined by chemical analysis by Dr. H. N. Stokes in the Survey 
laboratory. 

Blende (sphalerite^ zinc sulphide). — ^This mineral occurs associated 
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PLATE LII. 

OERUSSITE. 

This plate shows a photograph of a specimen of cerussite in which the rosettes con- 
sist of plates thatare relatively small and are coated by a film of quartz, so that 
this specimen is not so fragile as those commonly seen. The cerussite is in part, 
at least, formed upon nueleal fragments of oxidized quartz ore, but cenissite 
makes up the greater portion of the specimen. The reversed aide shows a coat- 
ing of minute calamine needles upon the quartz that encrusts the cerussite. The 
crystals are about one-fifth the size of some that were seen. Illustration is one- 
half natural size. 
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with galena and pyrite, and in lesser amounts with tetrahedrite, in the 
ores of the Elkhorn mine and in all the galena ores of the district. It 
has commonly a dark-brown, resinous luster, is massive, and shows a 
coarsely crystalline texture. In the Elkhorn ores it varies from a very 
pale creamy brown, usually showing flakes of red in the quartzose 
ores, to a deep brown when associated with galena and a blue black 
when associated with pyrite. It is very rarely seen as a secondary 
mineral associated with pyrite and calcite in cavities in the original 
ore. In this case it forms well-shaped crystals one-eighth to one- 
fourth of an inch across, and is of undoubted secondary origin. The 
massive material of the ore body shows shattering, with cementation 
of the fragments by silica. Blende from the Elkhorn mine is com- 
monly supposed to carry silver, and the red blende, especially, to 
carry high values in silver. This, however, has not been borne out 
b}' the assays made for the writer; in fact, owing to the common 
admixture of galena particles, it is impossible to obtain absolutely 
pure material for assay, and therefore there is some doubt in the case 
of this mineral, as well as in that of the pyrite, whether the silver con- 
tents are not derived from the galena. 

Calamine {hydrated Hilieate of zinc), — This mineral occurs in drusy 
coatings lining cavities in the oxidized portions of the ore bodies of 
the Elkhorn mine. It forms radiated groups of spatulate crystals, 
usuallv somewhat stout and of the common form, in which the brachv- 
pinacoid forms the broad face and the prism is relatively small. The 
Elkhorn material is of two kinds. The first occurs associated with the 
limestone, in which case the calamine rests on a crust of pale yellowish- 
green, botryoidal material one-eighth to one-sixteenth of an inch thick. 
Above this there is often a film or thin cnist of bright-green carbonate 
of copper, upon which the calamine rests in a mass from one-half of an 
inch to an inch thick, composed of bunches of radiating crystals. 
This material has a verj' delicate-green tint, although it is commonly 
transparent. The crystals show their form very distinctly, but are 
twinned and occur in groups, so that crystals for measurement are 
not obtainable. In the entirely oxidized parts of the ore body, where 
the limestone has been dissolved away and only the cellular films of 
silica are left, calamine occurs lining the cavities with thinner and 
more fragile crystals than those just noted. These crystals also are 
perfectly clear and colorless and rest on a film of silica. The deriva- 
tion of the calamine is undoubtedly from the oxidation of the blende, 
and its occurrence in the mine is such as to leave no doubt on this 
subject. Small druses were broken open m which the cavities were 
filled with water and in which the calamine crystals were apparently 
still forming. ' 

Cerussiteijeadcar^onate). — Very beautiful masses of crystalline cerus- 
site were obtained from the upper workings of the Elkhorn mine. It 
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occurs ill six or eight stellate groups, the rays being formed by plates 
scarcely thicker than a sheet of paper, and sometimes reaching dimen- 
sions several inches across. PL LII is from a photograph of a speci- 
men showing relatively small crystals. The more common occurrence 
is as a massive material coating galena, from which it is quite evidently 
formed. This material is usualh' clear and glass}, with a leady luster, 
and can be ti'aced into the parent mineral. The galena alters along 
cleavage cracks, and every gradation may be observed between the 
fresh and unaltered material and the cerussite. Ashy-gray, loose- 
textured masses also occur, but are less abundant. In the upper 
workings of the Elkhorn mine large quantities of carbonate ore were 
extracted, the cerussite occurring in massive fonn and associated with 
various impurities. 

Li7iarite {hydrated sulphate of lead and copper). — This mineral is 
I'are, but good specimens with the usual azure-blue color, from the 
Elkhorn mine, were seen in the collection of Mr. Walter S. Kelley. 

CJudcopyrite, — This occurs in the Dolcoath ores and rarely in the 
Elkhorn mine. It is massive and occurs associated with pyrite. 

Gold, — Native gold was seen in the ores of the Dolcoath mine, par- 
ticularly those in which the tetradymite has been partially or wholly 
altered. The color is deep bronze 3'ellow. 

Silver, — Native silver was abundant in the thoroughly oxidized por- 
tions of the Elkhorn mine. Its most interesting occurrence is in 
branching clusters of crystals, a few of which are shown on PL LIII. 
No large crystals were obtainable at the time of visit. These clusters 
occur attached, often only by the base or stem of the fern-like cluster, 
to the iron-stained siliceous decomposition product which forms, the 
gangue of the upper part of the lode. Silver also occurs as sheets or 
scales in ci'acks and coating surfaces of less altered material. In the 
clusters the cr^^stalline form is very clearly recognizable, though the 
material is not especially adapted for cr3'stallographic study. 

PyroluHite {black oxide of manganese), — This occurs in little spots 
coating calamine, and as dendritic markings on the yellow, partially 
altered dolomite of the Elkhorn mine. 

Azurite (blue carbonate of copper), — This is found in the Elkhorn 
mine in minute clusters or as a blue stain; also in numerous prospects, 
particularly the ores of the Copper King. 

Mal-achite {green, carbonate of copper), — This occurs as a green stain 
and in earthy masses in the oxidized ores and as green crusts in botry- 
oidal forms associated with calamine in the Elkhorn mine. It is found 
only in small amounts. It also occurs in man}" prospects of the district. 

Ilematite and magnetite, — These occur, intimately associated, in the 
iron ores from the mines on the north side of Elkhorn Peak, near the 
summit. No specular or crystallized material was seen. 

Liimmite (brown hematite), — This mineral occurs as earthy masses 
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PLATE LIII. 

NATIVE SILVER FROM ELKHORN MINE. 

This plate shows a number of pieces of arborescent and dendritic native silver from 
the ores occurring in the upper part of the Elkhorn mine. The specimens are 
very much smaller than many of those which were found in the development 
of the property. The silver occurs loosely attached to an oxidized siliceous 
gangue. The crystals are often flattened and elongated and form complex 
groups or aborescent forms, usually attached to the base of the fern-like mass, 
although the specimens show definite crystal forms. The edges are often 
rounded and the faces dull, so that the material is not fitted for crystal measure- 
ment. The forms, however, are undoubtedly those common to native silver 
and present no novelty in this respect. Although native silver was of common 
occurrence in the uppermost parts of the oxidized ore bodies at the mine, none 
of the common wire silver, seen as an alteration product of the rich silver 
sulphides at so many mines in the State, has been found at Elkhorn. Scales 
and plates of native silver also occur in cracks in masses of amorphous white 
and red silica. 
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at many places in the district. It is common in the rusty outcrops 
of mineral veins, 

Descloizite {vanadinite of lead and zi/nc). — ^This occurs in thin, 
mossy, dull yellow-green crusts of minutely crystalline surface, coat- 
ing cavities in a deposit of greenish and red-colored amorphous silica 
from the hanging-wall ore body of the 1,300-foot level of the Elkhorn 
mine. 

Aurichalcite {basic carbonate of zinc and copper). — ^This occurs in 
bunches of pale-green, silky needles, filling cavities one-half to three- 
fourths inch across in oxidized siliceous ore of the Elkhorn mine. 

Smithaonite {zinc carbonate), — This is found associated with cala- 
mine on dolomite fragments of oxidized parts of ore bodies. It 
forms gray crusts 1 nun. thick, with drusy surface, covered by a 
second crust of pale apple-green botryoidal material showing both 
radial and concentric structure. This latter crust varies from 1 to 
5 mm. in thickness, and the green tint is due to a small amount of 
copper. Malachite crusts often rest upon the smithsonite and are in 
turn coated by green calamine. 

PijrrKotite {magnetic pyrite,^ iron sulphide). — ^This mineral occurs in 
small amounts at several of the ore bodies of the district. In the 
Elkhorn mine it is found associated with pyrite, as a massive coating 
around cubes of pyrite in the white dolomitic marble of the bottom 
levels of the mine. 

GANGUE MINERALS. 

The minerals just enumerated occur associated with the valueless 
gangue minerals. These are few in number, embracing quartz, 
calcite, dolomite, garnet, and diopside. 

Quartz {crystaUins silica), — Quartz is almost universally present in 
the ore bodies of the district. It forms the hanging wall of the Elkhorn 
mine, and is abundant also. in the foot- wall bodies. It occurs in every 
form from coarsely crystalline to extremely fine crystalline textures, 
and is clearly a replacement quartz in many cases, while in others it 
has the coarse comb structure chai-acteristic of the filling of open 
spaces. Groups of large crystals are rarely found, and the mineral 
has no especially interesting feature aside from its genetic relations. 

Calcite {lime carbonate), — This occurs abundantly throughout the 
Elkhorn mine, where it forms crystalline coatings of well-shaped 
rhombohedra in drusy cavities in the lead ores associated with zinc, and 
also occasionally in stalactitic forms in small cavities and water courses. 

Dolomite {carbonate of livie and ma{/n€sixi), — This forms the white 
marble foot-wall country rock of the Elkhorn lode. It is very uni- 
form in texture and in composition. No well-shaped crystals have been 
seen. 

Garnet {variety (/roamdarite), — This lime-almnina garnet is common 
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in the metamorphic rocks of the district. It occurs bs a gangue min- 
eral in the Dolcoath mine, where it is massive and is mixed with 
diopside in the stratum containing the ore. It is the product of the 
alteration by contact metamorphism of an impure limestone. The 
color is usually a cinnamon brown, and the mineral alters to a green- 
ish chlorite. Crystals are seen penetrating the calcite in this ore. It 
occurs mixed with magnetite in the ore from the iron mines on the 
summit of Elkhorn Peak, where it is glassy, and has a dull greenish- 
yellow color. 

Diopside {lime-mdgnemin pyroxene). — This form of pyroxene is 
found abundantly as a contact mineral throughout the district, but its 
only occurrence as a gangue mineral is in the Dolcoath mine, where, 
as just noted, it is mixed with garnet. It has a pale yellowish-green 
color, and occurs only massive, no crystals being observed. 

Serpeiitine {hydrated silicate of magnesia), — This mineral occurs as 
an alteration product of diorite in the Elkhorn mine, and also in the 
railroad cuts near that property. It occurs also as an alteration prod- 
uct of garnet (?) in shells surrounding fragments of limestone included 
in the andesites of Elkhorn Peak. It is not, strictly speaking, a gangue 
mineral. 

Axinite {baro-aiUcate of alximinitm with varying amounts of iron and 
7na7\ganese). — This mineral occurs both as a rock constituent in the sedi- 
ments altered by contact metamorphism and as the filling of little veins 
in such rocks. It is found abundantly in coarse crystalline masses in 
such veinlets at the prospect tunnel driven in from the creek bed 1^ 
miles above Elkhorn. The specimens are of a dull-grayish plum color, 
in lamellar aggregates of crystals usually striated. It occurs associ- 
ated with calcite. 

Tourmaline {baslcor s^ihsllicateofhoron^ alumina^ potash^ llme^ mag- 
nesia), — This mineral occurs sparingly in thecontact-metamorphic rocks 
that intlose some of the smaller ore bodies disclosed by shallow pros- 
pect pits on the eastern side of Alpreston Gulch and vicinity. It also 
occurs as stout black crystals, often having a rusty coating, in the 
center of altered fragments of marmorized limestone included in the 
andesite. 

Epidot^i {orthosUlcate of litne^ alumina^ and iron^ H Ca (Al Ee)^ Si^ 
O^^). — This occurs abundantly in the coutact-metamorphic rocks formed 
from impure limestones. It is common near Black Butte, where it 
forms fascicles whose fibers are several inches long. This material is 
associated with calcite and axinite. 

Wollasto?iite {silicate of lime). — This occurs as a constituent of the 
contact-metamorphic rocks, particularly the slightly impure marbles, 
in which ore bodies occur. It is seldom in masses recognizable to the 
naked eve. 

Mlcrmilne. — Thi« mineral occurs in white, coarsely massive form in 
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the syenite dikes of Queen Gulch, but is not associated with the ore 
deposits. Various other minerals occurring as rock constituents are 
mentioned in the petrographic description of the igneous and the con- 
tact-metamorphic rocks. 

PARAGBNBSIS. 

A study of the ores from the Elkhorn mine shows that the pri- 
mary sulphide minerals were deposited at the same time. There is, 
it is true, oftentimes a distinct coating of pyrite about isolated 
grains of galena, but in the massive ore the minerals interlock and 
show no evidence of difference in age. Moreover, there is no crus- 
tification in the primary ore; later fracturing has sometimes per- 
mitted infiltrating solutions to deposit secondary quartz which, though 
usually barren, does sometimes hold galena and tetrahedrite. The 
pyritic ore from the lower levels sometimes shows drusy cavities 
coated by distinct crusts. In this case the oldest crust resting against 
the primary sulphide ore is sometimes pyrite, and more often the fol- 
lowing succession is seen: 

A, Pale-yellow, opaque blende. 

B, White calcite in well-shaped rhombohedra. 

C, Pyrite in well-formed pentagonal dodecahedrons. 

i>. Clear and transparent resinous blende in distinct crystals. 

E, White calcite in well-formed rhombohedra. 

F. Quartz crystals in clusters. 

(?. Isolated pyrite crystals resting on the points of the quartz. 

The entire succession is not always shown. It is evident that obser- 
vations made upon these small druses can not be relied upon to furnish 
any conclusive evidence as to the manner of deposition or the chemical 
changes involved in the formation of the Elkhorn deposits. 

As to the association of the minerals, it has been observed that where 
the ore contains tetrahedrite it commonly holds a light pale-brown 
zinc blende, and that pyrite is either absent or is present in insignificant 
amounts. Bournonite sometimes, though rarely, occurs with tetrahe- 
drite, but is never found with blende. As a rule, both bournonite and 
tetrahedrite occur only in quartz and are not found as direct replace- 
ments of limestone, while the ores that contain the most blende are 
low in silver. 



CHAPTER VIII. 

THE EUOIORN MINE. 

History of the property, — ^The ore deposit known as the "Elkhorn" 
mine was located as the Holter lode on January 2, 1875, and was 
worked nearly continuously from that time until November, 1899. 
The general history of the property has already been mentioned in 
giving that of the district. The New Elkhorn Mining Company stopped 
work in the mine in the autumn of 1899, and as the pumps were 
withdrawn, the surface machinery dismantled and sold, and the mine 
practically abandoned, it was generally understood that this great 
producer was worked out and the last chapter of its history completed. 
The entire property, including such surface improvements as were of 
value, was sold to two successful mining operators for $20,000 early 
in 1900, and it was generally supposed at that time that only the dump 
heaps would be worked. The new owners decided, however, to reopen 
the upper levels of the mine, and the property is now (May, 1901) being 
equipped with the necessary machinery for working, and promises to 
again become a producing property. The abandonment of the mine 
by the English corporation was primarily due to the exhaustion of the 
rich ore bodies, for although more or less ore remained, it was of too 
low grade to pay expenses, owing to the heavy expenditures necessary 
in pumping the mine, which were over $1,000 a week; this, and the 
small number of men scattered over so large a mine working the low- 
grade patches and remnants of ore bodies left in previous years, made 
the cost per ton excessive. Thus the actual cost of mining exceeded 
$15 per ton, including all expenses. Milling cost $9, owing to base- 
ness of the ore, and for a long time the reduction works were run on 
a profit of only 50 cents per ton, thus necessitating very close working. 

General features of the ore deposit, — The ore deposit does not con- 
stitute a true vein, though commonl}'^ spoken of as a vein or lode. The 
ore occurs in two principal shoots lying on the under side of folds — 
i. e., in the saddle of the folds — and conforming to the dip of the 
stratified beds in which they occur. These ore bodies are found along 
a bedding plane between indurated shale (hornstone) and dolomitio 
marble. This contact plane was followed in mining and has commonly 
been spoken of as the lode. Although there has been some slipping and 
movement along this plane, the contact is not mineralized, nor does it 
show any vein quartz or other lode material except in the steeply pitch- 
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ing arches underneath which the ore bodies occur. The ore deposits 
consist of more or less irregular bodies of rudely lenticular cross section 
lying against the hanging- wall hornstone, and as isolated masses forming 
so-called ' ' chamber " deposits in the underlying dolomite. The hanging- 
wall bodies consist of quartz carrying ore minerals and are piuctically 
continuous from the top to the bottom of the mine. The lead chambers 
are isolated bodies connected by fissures or rusty stringers with quartz 
ore shoots, but of irregular shape and position, and often of large 
size. They are not cave deposits, and the term '^chamber" applies 
only to the caverns left by the extraction of the ore, no original 
cavernous open spaces occurring. While there may be honest doubt 
concerning the formation of galena deposits in open aiverns in lime- 
stone at many American localities, the facts to be described herein 
preclude any such theory of formation. 

Topographic rdationa, — ^The ore deposits occur, as may be seen by 
reference to the map, PL XLV, in the relatively broad and open valley of 
Elkhorn Creek, where the more readily weathering limestones have 
been eroded into a basin whose bottom is now filled and leveled by 
morainal material. This position, as may be seen from the topo- 
grapic map, PI. XLII, is a relatively low one and receives the drain- 
age from a large area of impervious rocks forming the high peaks 
near by. It is, as it were, the apex of a funnel composed of the snowy 
amphitheater of Elkhorn and Crow peaks and their adjoining ridges. 
Though the creek bed is in morainal wash, so that the stream before 
diversion often carried flowing water past the mine, a large part of 
the precipitation and run-oflf of the northern part of the district finds 
its way into the altered limestones, in which it has formed subterranean 
waterways. It should^ however, be remarked that no large caves 
have been found, and the smaller waterways noted in underground 
exploration are evidently later and not in any way connected with the 
ore bodies. 

Geological relati<m%. — The ore deposit occurs in a dolomitic limestone 
forming massive beds and overlain by altered shale. The strata dip 
steeply, the angle varying from 35^ to 55^, this attitude being due to 
the uplift and folding of the entire Paleozoic and later rocks into a 
series of parallel mountain folds that extend eastward to the valley of 
the Missouri at Townsend. As shown in a previous chapter, all the 
sedimentary strata seen in this district form part of the eastern side of 
an arch, the spur formerly occupied by the west limb of this anticline 
being now occupied by the granite batholith. This structure, as 
understood from the surface relations near the Elkhorn mine, is shown 
in the cross section 2 of PI. XLVIII. The half arch now forms a 
monoclinal fold composed of all the various beds seen in the Elkhorn 
district. The uniformity of the monocline is, however, disturbed by 
several minor corrugations which have been noted in the earlier chap- 
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ters. The ore deposit occurs in two of these lesser flexures, which 
coalesce near the surface and form one relatively broad arch. These 
arches pitch steeply to the north. The gabbro-diorite intrusion, which 
has been described in a previous chapter, breaks through the lime- 
stones and shales, and has shattered them, sending out forks and 
tongues of diorite and allied rocks into these irregular breaks. Such 
intrusions are seen on the surface to the northwest and southeast of 
the mine, and are encountered in an exploratory drift under ground, 
and, though they have no direct connection with the ore bodies and do 
not make ore where they occur, it is believed that the main gabbro 
mass is the source from which the metallic contents of the deposits 
have been derived. These lesser diorite intrusions are seen in the mine 
in the long south extension of the 650-foot level. 

Ovtcrop. — South of the mine buildings, shown in PL XLIII, the 
outcrop of the ore body is obscured by morainal debris and has not 
been found. It has not been recognized in the railroad cut opposite 
the town, and in fact at that point the diorite breaks across the con- 
tact plane along which the ore body occurs farther north. To the 
north of the mine the outcrop is seen in the railroad cut back of the 
boiler house, where the rocks have a strike of N. 50° W. and dip at 
30° to 50° NE. Some 30 feet of the foot-wall sand rock or dolomite 
is exposed, with 150 or 200 feet of thin-bedded argillaceous shales 
lying upon it. The outcrop could not be traced on the surface beyond 
this point, but is said to have been opened by prospect pits at a num- 
ber of points. Silicified limestones occur inmiediately south of the 
tailings dam on the south side of the mill. The rocks are part of the 
Keene limestone and show brecciation and replacement by siliceous 
waters. It is therefore evident that the mineralizing solutions were 
not confined to the immediate channels in which the ores of the Elk- 
horn mine were deposited, though, so far as known, the ore bodies 
formed near by are not workable. 

Hanging -wall homstone. — ^The ore bodies are sharply delimited by 
a hanging wall of argillaceous rock. This rock is dense and tough, 
and corresponds to what some geologists call hdUeflinta, but which in 
this report has been called hornstone, following the nomenclature of 
Rosenbusch. The rock is well bedded, as shown in PI. L, J?, but does 
not possess either a shaly or a slaty cleavage, but breaks into splintery 
fragments along a system of fine jointing, thus forming cubical masses. 
The term argillite does not apply to it, as strictly speaking that name 
implies a slaty or schistose rock. The character of this hanging-wall 
rock is best seen at the 1,050-foot level where a cross cut drift has 
been driven 120 feet into this rock. A careful study of the rock was 
made, samples being picked oflf every foot of the distance along this 
hanging wall. It was found to be hard and compact and to show no 
slaty cleavage or fracture, although the original stratification lines are 
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plainly seen. It varies from a flint}^ siliceous type, carrying 94 per 
cent of silica and 2 per cent of lime, to very argillaceous rock practi- 
cally free from lime. In the mine workings this rock shows a platy 
fracture, which might be taken for slaty cleavage, but which is in fact' 
due to slight movement along the contact. 

Three other hanging-wall crosscuts have been driven in the mine; 
one on the 300-foot level north, a short one from the 1,250-foot south 
stope, and one from the 1,250-foot south level. The first two were not 
extended far enough to pass through the slate which forms the hang- 
ing wall of the lode; but the third at a distance of 60 feet encountered 
a grayish-blue limestone. On the line of contact a soft clay seam 
occurs, which indicates faulting movement or slipping on the bedding 
plane. This clay carries 2 ounces of silver per ton. Somewhat higher 
assays were obtained from this same contact at the surface, where it is 
exposed in a railroad cutting, and also in a prospect shaft recently 
sunk. These are the only points at which this upper or second con- 
tact is exposed, but proper exploration might develop some new ore 
deposits on this horizon. 

Foot-waU dolomite. — The dolomite or marble in which the ore occurs 
forms the uppermost member or stratum of the limestone series herein 
designated the Cemetery limestone. The foot-wall crosscuts show 
this rock to be of very uniform character. The bedding is mther 
massive, and in a crosscut driven for a distance of over 200 feet hori- 
zontally a few obscure pai*tings or stratification planes are seen. They 
are marked by films of argillaceous matter, and one of them, occurring 
at 35 feet beneath the slate hanging wall of the ore body, is very 
constant in character and is commonly called the foot wall of the ore 
body. The argillaceous material is part of the limestone, however, 
and shows no clay or slickensides or other evidence of movement. 
The rock is a crystalline dolomite of medium and even grain, usually 
white, but varying to a bluish-gray or yellow color. It is so uni- 
formly crystalline that it is properly called a marble. A partial analy- 
sis, made by H. N. Stokes in the chemical laboratory of the Geological 
Survey, showed the amount of magnesian carbonate to be practically 
the same in the different varieties from the mine. 

White dolomite contains MgCOj, 44.0; residue (silica, FejOj, etc. ), 0.4; iron, etc., 0.3. 

Blue dolomite contains MgCOj, 43.7; residue (silica and iron), 1.3. 

Yellow dolomite contains MgCOj, 42.5; residue (silica and Fe208),2.3; iron, etc., 1.0. 

The yellow rock is the oxidized form found near the ore bodies in 
the upper part of the mine. It commonly shows more iron and silica 
than the white dolomite, and the fracture planes are marked by den- 
dritic films of manganese. 

The rock has a very pronounced granular saccharoidal texture and 
has been designated by the miners a sand rock, since it is sometimes 
so loosely cemented as to crumble, under slight pressure, to a white 
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sand. No evidence was found to show that the dolomitization was 
the result either of metamorphism or of the mineralizing waters 
which produced ore deposition, but it is inferred that the chemical 
character of the rock is original, as otherwise the shrinkage in volume 
resulting from dolomitization would have left some evidences of such 
action. 

Strike and dip, — The contact on which the main ore bodies occur 
varies in strike, owing to the arching of the strata. Between the ore 
shoots it is N. 10^ W. , and this is very nearly the strike farther south, as 
shown by the prospecting levels. This conforms nearly to the general 
strike of the rocks near by. The levels shown on the map of the mine, 
PL LVII, follow this contact rather closely, leaving it at but few 
places, and then only for short distances. The levels, therefore, show 
very plainly the warping of the strata, and that the change in strike is 
not only a horizontal one, but affects the pitch of the folds as well. 
The changes in dip are less marked, varying from 35° to 65°. The dip of 
the ore body is indicated in the vertical transverse cross section of the 
ore body in PI. LIV, A and ^, and may also be seen in PI. LI, where 
the rails on which the mine skip rests are laid parallel to the dip of 
the hanging-wall slate. 

THE ORES. 

General character, — The ores of the mine are classed as milling ores 
and smelting ores. The first kind are quartzose and come from the 
hanging- wall bodies almost entirely and embrace only those ores that 
can l>e treated in the mill. In the early history of the mine the product 
was entirely free milling, but as depth was obtained the ore changed 
in character and could be treated economically only by chloridizing 
roasting. The milling ore increased in baseness with depth, until at 
the time the mill shut down no other mill of this character was known 
to treat ores so base. As the natural result, the cost of treatment ran 
up until at the time of closing down it closely approximated the cost 
of treatment by the smelters. 

The smelting ore consists of galena, together with quartz, some zinc 
blende, and a lesser amount of pyrite. In the upper part of the mine 
these minerals were oxidized, and as a consequence the mine yielded 
large amounts of carbonate ore, which was sent to the smelter when it 
carried 20 per cent of lead. In the deeper levels and in the lower 
part of all the foot- wall ore bodies only sulphide ores occur, and these, 
when brought to the surface-, contain much white limestone and were 
therefore cobbed by hand and sent to the smelter. No attempt was 
made at ore concentration, and the waste heaps of the mines contain 
large bodies of low-grade galena ore. 

Value of the ores. — No average, value can be given for the two kinds 
of ore for the entire mme. In 1897, 13,526 tons of ore were milled, 
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which showed an average silver content of 36.3 ounces and gold 0.0031 
ounce per ton. The roasted ore has for the last three years averaged 
about 39 ounces of silver per ton. The shipping ore sent to the 
smelters averaged, during 1897, 135.4 ounces of silver and 0.152 
ounce of gold per ton, with 12i per cent of lead. At the average 
selling prices this gave a value of J67.78 per ton. 

In the early history of the mine very much richer ores were treated. 
Assays of special samples show very high values. Thus, partly 
altered galena from the 170-foot level assayed 4,185 ounces of silver 
per ton. Oxidized ore, mostly massive cerussite with a little mala- 
chite, from the 1,450 foot-wall ore body assayed, per ton ; Silver, 
1,447 ounces; gold, 8 pennyweight; lead, 46^ per cent; copper, 5^ 
per cent. 

Samples of the very zincky ote vary considerably in silver contents. 
One from the 1,750 foot-wall body, which was fairly representative, 
assayed 45 ounces of silver and 2 per cent of lead. A sample of the 
white blende contained 14 ounces of silver per ton and no lead. One of 
the brown zinc blende yielded 105 ounces of silver per ton and 4 per cent 
of lead. Another specimen containing large amounts of resinous blende 
and of the dark-colored blende, or '' black-jack," gave 45 per cent of 
zinc, 3 per cent of lead, and 15 to 20 ounces of silver. In general the 
reddish zinc has been supposed to carry high silver values, but in the 
specimens whose assays are given above the silver values are probably 
derived largely, if not wholly, from included grains of galena. The 
smelter returns show that the ore shipped averaged over 20 per cent 
zinc, and as the penalty is 50 cents for each per cent over 12 in 
sulphide ore, it will be seen that the cost of treatment was materially 
increased. The pyritic ore, of which only small quantities have been 
mined, is usual h^ low in silver. A special sample showing an admix- 
ture of galena and pyrite yielded on assay 16.59 per cent of lead, 18.59 
per cent of iron, 15 per cent of zinc, with one-tenth ounce of gold 
per ton, and 54 ounces of silver. A sample from the 1,750 pyrite 
body contains 3 to 10 ounces per ton of silver. Although native silver 
is of common occurrence in oxidized portions of the deposit, no free 
gold has, so far as the writer knows, ever been found. The ratio of 
gold to silver in the ores is very constant and approximates 1,000 
ounces of silver to 1 ounce of gold. 

The bullion from the mill is commonly between 850 and 900 fine, the 
impurity consisting mostly of copper. For some years while the mill 
was running on base ore, without any special attempt at close saving, 
the bullion ran as low as 400 fine. 

The fine particles of ore carried up in pumping the mine waters 
pass through settling tanks, in which the slimes are caught. These 
slimes have averaged over 200 ounces of silver and 4 to 5 per cent of 
lead, and the waste water from the cobbing house yields slimes carry- 
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ing 77 ounces of silver and 4 per cent of lead. These results show the 
brittle character of the rich ore. Car load lots shipped in 1894 gave 
assays as follows: 

Sulphide ore: Zinc, 32.6; silver, 180.6; gold, 0.13; lead, 14. 
Oxidized silver: Zinc, 17.3; silver, 223.3; gold, 0.17; lead, 12.8. 

MINE WORKINGS. 

The mine workings are shown on PI. LVII, which the writer Has 
been permitted to reproduce by the kindness of Mr. Kelley, the former 
manager. The main working shaft is an incline driven along the 
slate-dolomite contact. The incline goes down on the dip a part of 
the way and then bends so as to obtain an easier slope. It has an 
angle of 35° to 55°, the inclination varying with the undulations of the 
slate bedding plane that forms the roof. The roof is usually solid, 
and needs only upright timbers for support, caps and lagging being 
used in the upper part of the mine. There is no division into com- 
partments. The ore is hoisted in a two-platform skip, on which the 
mine cars are run directly from the levels, as shown in PI. LI. 

In the later development of the mine, levels were driven at every 
hundred feet* measured on the slope. These levels were run out north 
and south from the shaft; but owing to the nearness of the end line, 
the north levels are relatively short, and no prospecting has been done 
in that direction. On the south a number have been driven beyond 
the main ore body, and one (the 1,550) for a distance of nearly 2,000 
feet. 

The regularity with which the main ore body maintains its position 
has permitted this i^elatively simple exploration, and as the quartzose 
ore bodies all come to the slate hanging wall the levels are sure to cut 
them. On the contrary, the chambers of silver-lead ore found in the 
dolomite occur without order or arrangement, and as a consequence 
the foot- wall crosscuts and exploration work have been veiy irregular. 
An instance of the luck of mining, and the fact that the rocks in the 
immediate proximity of the lead chambers show no indication of their 
presence, was the driving of a level past a foot -wall body, though a 
shell of limestone but a little over a foot thick separated it from the 
level. 

The mine stopes are of course very irregular, owing to the extremely 
irregular shape of the ore bodies. They vary from small cavities a 
few feet across (PI. LV, B)^ through which one can scarcely crawl, 
to great caverns 60 feet high. In general the hanging- wall slate needs 
support, as it has a tendency to shell off. Simple stulls and cap pieces 
were adequate in most cases (PI. LVI, J.), lagging being very rarely 
necessary. When the chambers became very large, as happens when 
the foot- wall bodies lie against the hanging-wall quartz, the timbering 
of these great caverns became a serious matter, and the few stulls at 
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first used had to be supplemented with others until, as shown in 
PI. LV, A^ the timbers were so close one could scarcely pass between 
them. 

ORE SHOOTS AND CHAMBERS. 
GENERAL CHARACTERS. 

The Elkhorn mine shows ore bodies of contrasted mineralogical char- 
acter and different geological relations. The main ore channels follow 
the slate-dolomite contact, and as the slate invariably forms the hang- 
ing wall they are conveniently designated "hanging- wall" bodies. 
The ore is quartzose and is nearly all low enough in the baser metals to 
be milled. On the other hand, the so-called *'lead chambers" or foot- 
wall bodies occur in the dolomite and are usually separated from the 
hanging- wall deposits by a greater or less thickness of that rock. The 
ore can not be milled, as it consists of silver-bearing galena with blende 
and some pyrite. This distinction of occurrence and character of ore 
is not invariable, since some milling ore occurs in the foot- wall bodies 
and some galena with the hanging-wall quartz. 

MAIN ORE SHOOTS. 

The occurrence of the great masses of ore constituting the hanging- 
wall ore shoots is best appreciated by reference to the map of the under- 
ground workings, PI. LVII, and the transverse sections across the 
deposits, PI. LIV, A and B. The mine map, being a horizontal pro- 
ection, does not give a perfectly true picture of the shape and extent 
of the ore bodies, owing to their dip, but the data for a projection or a 
longitudinal section on the stratification plane of the rocks were not 
obtainable. 

It is apparent from the map that there arc two main channels of ore 
deposition, one to the north of the mine shaft, the other to the south, 
the latter being much the larger. Both are very irregular in shape, 
and their plan presents a striking resemblance to the maps of the 
famous caverns of the world. The map shows that the south ore shoot 
is of much greater size than that north of the shaft, and that it has 
somewhat more regular boundaries. Both shoots are continuous from 
the surface down to the 1,750-foot level, but decrease in size downward 
and finally pinch out. The shoots show a stringer of ore connecting 
them in the upper part of the mine, notably the 350 level, where the 
centers or axes of the two shoots are about 300 feet apart, but as the 
shoots diverge in depth the connection was not observed. 

jForms of the ore shoots. — ^It is difficult to describe or even to show by 
figures the form of the ore shoots, since they are very irregular. Cross 
sections of the two shoots are given in PI. LIV, A and JB. These were 
prepared from the mine maps, together with sketches and measure- 



478 ELKHOEN MIinKG DISTBICT, MONTANA. 

ments especially made for the purpose and compiled under the direction 
of Mr. William Davey, who has been in charge of the underground 
work ever since the property became a 
§ I § I i I i producing mine. As he is familiar with 

every foot of the mine and knows all its 
peculiarities the sketches are believed to 
have a good degree of aceui-acy. 

The cross sections of the two ore shoots 
are projected from the planes shown on 
the mine map by red lines. These lines 
change in direction at several points in 
order to give a representative cross sec- 
tion of the ore body, and the pointa where 
"^ »iuch change is made are shown on the 
u sections Ity vertical red lines. 
I The cioss sections of the south ore shoot, 
« shown in fig. 73, convey a better idea of 
5 the size and shape of the ore body at the 
I ^ two levels selected as representative of 
the upper and lower parts of the deposit. 
These sections are true cross sections, 
p since they are projected on planes cutting 
5 the deposit at exactly a right angle to the 
dip. Fig. 74 illustrates the lesser irregu- 
larities of one of the smaller ore shoots. 
^ From a study of these cross sections 
S and the horizontal projection of the ore 
bodies, it is apparent that while the ore 
bodies are irregular in size and shape 
they usually lie against the bottom of the 
slate, and hence have a very regular roof 
or banging wall; that their bottom is more 
irregular, but conforms in the larger bod- 
ies to a plane parallel to the hanging wall. 
There is a marked tending toward an ellip- 
tical cross section, the ore bodies being 
very much wider than they are thick, so 
that the greatest axis of the ellipse is 
parallel to the strike of the inclosing 
strata. The size of the ore bodies varies 
rapidly from place to place horizontally 
and on the dip. In general it is greatest 
in the middle depths of the mine. 

Peculiarities of the hanging icall. — The 
contact between the slat* and limestone is 
very sharp, and in the mine workings the 
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PLATE LVIII. 

HANGING-WALL BRECCIA, FROM A PHOTOGRAPH. 

This specimen, from the 1,800-foot level, illustrates the rather rare slate breccia found 
overlying some parts of the hanging- wall ore bodies. The light fragments are 
altered hornstones of a warm pinkish-gray tinge. Their banding is in part due 
to original sedimentation, and in part to secondary films of silica. The darker 
pieces are thoroughly pyritized. The light fragments contain considerable 
pyrite as a very fine dust scattered through the rocks. The arrangement of the 
fragments is without definite order, but adjacent pieces fit each other closely 
and show a movement from the bottom toward the top of the specimen. The 
interspaces are in part filled with gray crystalline quartz carrying pyrite and 
scattered grains of galena. The larger spaces between the fragments are only 
partly filled and show open cavities lined with projecting crystals of limpid 
quartz. There is also some dense cryptocrystalline quartz, which is evidently 
the replacement material formed by metasomatic interchange with the horn- 
stone fragments. The' galena grains, which are black in the illustration, lie in 
the comb quartz and are surrounded by a thin pellicle or shell of pyrite. The 
pyrite is determined as such by its crystalline faces. It occurs of several genera- 
tions, the latest form being found on the quartz crystals lining the vugs. The 
specimen shows no blende, in this respect differing from material from the brec- 
cias formed of limestone fragments. Post-mineral shattering is indicated by a 
little veinlet of quartz which faults the shale fragments and the ore, as may be 
seen on the right-hand side of the specimen. 
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slate wall is generally smooth and regular, being commonly unbroken 
away from the ore bodies. Above the ore bodies, however, it is fre- 
quently shaly, and gives every indication of sheeting and movement 
along the contact ]ioint between the slate and dolomite. (See PI. L, B.) 
At such placesitshowseither a platyor a fissile parting, or more rarely 
a brecjjiation of the slate, a low-grade ore usually cementing the frag- 
ments together into a. firm bi-eccia. Instances of this were oKxerved 
in the 2,200-foot level, where the roof is irregular and broken near the 
ore body and the ore extended 4 to 6 feet into the slate. A similar 
breccia was also seen near the top of the 1,850 stope, in which the 
fragments of ahale are surrounded by a shell of fine-grained teti-ahe- 
drit«, and this in turn by quartz, cementing the fragments. These 
minerals incrust the hanging-wall hornstone and do not penetrate it, 
there being no evidence of either impregnation or replacement. The 
workings of the 1,850 south stopeshowin places this honistone breccia 
so suftened as to be almost cheesy in consistency for a depth of a foot 
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or more. All observations here show that the crushing is the result 
of the folding of the strata and the slipping and brecciation that uccom- 
panied it. Exposures in tbe same level (1,850 foot) north of the shaft 
also show evidence of a strike fault, which in this case is marked by 
clay selvages, and by quartz streaks. The hornstone fragments show 
a rude orientation, but it is clear that thej' formed a breccia whose 
open spaces are now seen filled by comb quartz and ore, as shown in 
the specimen illustrated in PI. LVIII. 

North, ore shoot. — This ore l>ody is much smaller than that south of 
the shaft. In the upper levels it is connected by a continuous mass 
of oxidized quartz ore with the south ore shoot, forming in fact but 
one ore body, but in depth it has a westerly pitch and is farther and 
farther away from the other ore shoot. In the upper levels the ore 
shoot is seen to terminate abruptly to the north against a flexure of 
the slate, which is particularly well shown on the 650 level. In gen- 
eral, however, the levels have not been extended north of the ore 
shoot. Followed downward the shoot bifurcates at the 1*50 level, the 
22 OEOL, pr 2—01 31 
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southern leg or branch rapidly pinching to a narrow pipe of low-grade 
ore. The main or noithern biunch continues downward, but also con- 
tracts in size and becomes low grade in character, but expands again 
between the 1,350 and 1,450 levels into a chamber-like body of lead 
ore. The shoot is continuous and maintains its general direction of 
dip and pitch to a depth of 1,650 feet, measured on the slope, where it 
makes an abrupt turn, pitching to the southeast. This lower part of 
the shoot is, however, of small cross section and the ore is extremely 
low in silver, so that the ore body has not been stoped below the 1,750 
level. Wher.e it crosses the shaft, about 80 feet below the level just 
mentioned, the shoot is 3i feet wide, and a few tons of ore taken out 
in sinking the shaft averaged 50 ounces in silver per ton. The indica- 
tions point to connection between this and the 2,200 ore body shown 
on the map (PL LVII). The latter continues down to a point 25 feet 
below the 2,200 level, where it suddenly changes to a small mass of 
low-grade quartz, which, where it was cut on the 2,300 level, was but 
2 feet thick and 5 feet long, and carried only a peppering of ore 
minerals. 

South m^e shoot. — ^This remarkable ore shoot has yielded fully two- 
thirds of the total product of the mine. In the upper levels it connects 
with the north shoot, as already noted, but assumes its individual 
chai'acter below the 650 level. Like the north ore shoot, it terminates 
against a flexure of the strata, which is most marked on the south side. 
A bend in the slate marks its northern limit, also, though this flexure 
is wanting in the upper levels, where the two shoots connect. 

The south ore shoot is a continuous trunk channel from the surface 
down to a depth of 1,450 feet, measured on the incline, and through- 
out this length maintains its uniformity of cross section and dip. 
Below the 1,450 level the shoot varies in character and becomes smaller, 
but is continuously traceable and workable down to the 2,200 level. 
The thickness of the shoot varies from a few feet in the uppermost 
workings, where it will average a thickness of perhaps 8 feet of quartz, 
to 40 feet in the 1,350 stope. These variations are well shown in the 
cross section B of PI. LIV. 

As a rule the top of the ore body lies against the slate bedding plane. 
This is well shown in the cross section just mentioned, as well as in 
those given in figs. 73, 74, and 75. It will be seen from the section 
that this bedding plane, which forms the hanging wall of th6 ore body, 
shows undulations in dip, and that the ore hody is thickest beneath slight 
arches of the slate. The signifi(*ance of this association is mentioned 
later in discussing the manner of formation of the ore bodies. 

The cross section (PI. LIV, B) shows that the ore shoot leaves the 
slate between the 1,450 and 1,550 levels of the mine, but there is also a 
connection along the slate contact awa3^from the plane of the section. 
Like the northern ore shoot, this one pinches up in one place (below 
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the 1,650 level) and is but 8 feet in greatest diameter, but widens out 
below into a relatively broad mass 6 feet thick. Below the 1,850 level 
the ore is cut off against a slight fault in the hanging-wall slate, a 
bmnch of the ore body which was too low grade and too zincky to 
work, passing off to the north and into a low-grade mass of jn-ritic 
ore and nearly barren quartz. The floor or foot- wall side of the ore 
shoot, though less regular than the roof or hanging wall, is fairU'' 
uniform, and where the ore body is thickest corresponds to the posi- 
tion of a i-inch to 2-inch argillaceous parting or bedding plane, seen 
in the dolomite in the foot-wall crosscuts of the mine to be of very 
constant occurrence. 

Intemiediate on- hodien, — An extension of the connected ore shoots 
runs a short distance downward as an intermediate ore shoot, but plays 
out and disappears in depth. Below the 1,750 level there is another 
intermediate ure body, which yielded a considerable amount of ore 
and which is interesting, since at this depth the ore is not oxidized 
and its original character may be observed. The shoot lies against the 
slate for the most part, but in some places is like the lower part of the 
south shoot, separated from the slate by a shell of dolomite. This ore 
bod}' is probably formed by the coming together of the foot-wall 
ore shoot (marked Wilson shoot on the map) and the deflected north 
ore shoot which crosses the shaft below the 1,750 level. This ore 
shoot, as previously noted, plays out below the 2,200 level, and passes 
into a pipe of nearl}' barren quartz 2 feet thick and 5 feet long. 

General clmracier of the (rve of the main m*e tihrmtx, -These great ore 
shoots are composed of essentially quartzose ore. The quartz, when 
not altered by the oxidation of the metallic sulphide in it, is usually 
light gray, clear or glassy, and of rather medium coarseness of 
crystallization; but dark-bluish, very dense, cryptocrystiiUine silica 
also occurs. As described later, there is a ver}^ marked and constant 
association of quartzose milling ore when the ore body lies against the 
slate, and of silver-lead smelting ore where the ore body lies wholly 
in the dolomite. This distinction is not invariable, considerable 
masses of quartzose ore having been found in the foot- wall ore bodies, 
and of galena or its decomposition products in the hanging-wall ore 
bodies, but the statement is true in a general way. 

The ore bodies consist essentialh^ of nearly solid quartz, mostly free 
from included masses of limcvstone or of slate. Exceptions to this 
occur in the 1,750 stopes, where the quartz cements limestone frag- 
ments and where the slate is brecciated and the fragments are cemented 
by ore. The flrst is less common than one would suppose. The speci- 
men PI. LX, A shows an example of this, and the slate breccia is 
shown in PI. LVIII. While the mine was producing heavily only the 
good ore was extracted, and much low-grade oie was left in place 
which could have been mined at a profit before the depreciation of 
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silver, but could not pay the cost of extraction during the last three 
years previous to the closing down of the property. For this reason 
the extent of these low-grade portions of the ore shoots and their 
possible .connection downward through the dolomite is uncertain. The 
quailz ore of the hanging-wall ore shoots was more or less oxidized 
and free milling down to the 1,350-foot level. Below this point it 
steadily increased in baseness, owing to the presence of galena and 
tetmhedrite. In the upper parts of the ore body these minemls have 
been partly altered and leached out from the ore. ''It is of interest 
to note, as the rule,'' says Mr. Kelley, ^'that the actual value of the 
ore itself did not diminish as depth was obtained and that the ore 
contains as much or more silver than that which was found at higher 
levels, although it was associated with a larger proportion of base 
metal." 

Oxidation extended deeper along the hanging- wall bodies than in 
the foot-wall lead chambers, as the solutions naturally traveled down 
the slate contact. Even on the 2,300-foot level the freshly cut quartz 
bodies show yellow litharge spots about galena grains, and green 
staining of copper carbonate about particles of tetrahedrite. The 
pyrite is rusty and the quartz is porous about the minei'als just noted. 
This altemtion was not on a large scale, as it was in the upper levels, 
but it clearly shows that oxidizing waters penetrated to this depth. 
The ore bodies above consist mainlv of oxidized ores carrvinir some 
pyrite, occasionally residual nuclei of galena, but show no definable 
silver minerals. These ores change in depth to those in which tetra- 
hedrite appears, and this is undoubtedlv the mineral from which the 
silver values have been derived in the upper part of the ore bodies. 
As a rule the ore shows no well-defined structure, but consists of 
interlocking grains without banding or crustification. Rarely there is 
a banding due to the replacement of limestone fragments b}^ dark- 
colored jaspery- quartz, the intervening space being filled with white 
quartz, so that the darker-colored variety is in strong contrast to it. 
Other notes on these characters are presented in another chapter, 
where the evidence showing that the ore was deposited as a replace- 
ment of dolomite is fully given. In one place where pyritic ore occurs 
lying against the slate the ore shows a well-marked banding pai*allel 
to the bedding plane of the slate. 

In the 1,750 stopes galena was found in the quartz lying against the 
slate, but as a rule where galena occurs it is confined to the dolomite 
and is not found in quartz. 

ISOLATED ORE BODIES IN THE DOLOMITE OR FOOT-WALL LEAD 

CHAMBERS. 

Occu7*rence, — Besides the well-defined and continuous ore shoots of 
the mine which have just been described, there were a number of 
detached ore bodies of highly argentiferous lead ore lying encased in 
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the dolomite. As these ore bodies occurred in the foot-wall rock and 
were usually separated from the slate by a greater or less thickness 
of dolomite, they were not developed ))y the mine levels run along the 
slate bedding plane. In general they occur close to the main ore shoot, 
and with one exception are found above the 2 inch argillaceous band 
in the dolomite, which has been called the foot wall of the ore deposit. 
These ore bodies are shown on the map of the mine workings by a dis- 
tinctive color, but it is difficult to separate them from the hanging-wall 
deposit, as they often lie in the dolomite directly beneath the main ore 
shoot and frequently connect with these shoots. The foot-wall cross- 
cuts and drifts of the mine are also designated on the map by separate 
pattern, and their irregularity is due to the fa^*t that the prospecting 
for the foot- wall bodies was very largely a matter of luck and not of 
svstem. The relation of the foot- wall bodies to the main ore channels 
is best understood bv reference to the cross sections shown on PI. LIV 
and tigs. 73, 74, and 75. The vertical sections do not show the true 
foot-wall chambers, though they do show that the main shoots become 
foot- wall }x)dies; that is to say, they are separated from the slate by a 
greater or less thickness of dolomite, and when this occurs there is a 
corresponding change in the mineralogic character of the ore. The 
sections shown in the figure indicated that these bodies occur beneath 
the main ore channels or alongside them; that they are found in the 
same fold or pitching arch as the ore shoots, and that, insignificant as 
the connecting feeder or stringer of ore sometimes appears to be, they 
really are a part of the same general ore mass and owe their isolation 
to the presence of favorable physical conditions, such as crushing of the 
dolomite, or to those vagaries of solutions dissolving in the limestone 
which are apparent on the maps of underground caverns. The differ- 
ence in mineralogic character is believed to be due to a selective reaction 
b}' the dolomite, whereby lead-silver ores are deposited when ore chan- 
nels penetrate limestone, and is in accord with observations of ore 
deposits the world over. 

When the ore is removed from these bodies great spaces are left 
which might readily suggest that they represent cavern deposits, but 
this name is misleading, as it implies an origin by cavern filling either 
partial or complete. Projecting fingers of the deposit form short pipes 
of ore, but although water courses exist in the dolomite and are often 
traceable for hundreds of feet, no such pipe of lead ore exists in the 
mine, and this is of itself evidence that the ore bodies originate by 
replacement. The form of the ore bodies is very irregular: they com- 
monly show rounded sides with projecting points and fingers, and such 
projections are more apt to mark the upward extension of the ore body 
along the dip than either its downward or its latei'al limits. 

In general these foot-wall bodies are extremely irregular. There 
seems to be a tendencv for them to be limited bv the so-called foot 
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wall, which is & thin seam of ftrgillaceoiis limestone from ^ inch to 2 
inches in thickness, ooeurring at n distance of about 35 to 50 feet from 
the hanging wall. This occurrence is shown in the vertical cross aec- 
tions represented on PI, LIV. A and B, and in the sections across the 
ore shoots shown on figs. 73, 74, and 75. The signiticance of this foot 




Fia. TB.— Section across 



wall lies in the fact that, owing to its argillaceous character, it would 
limit replaocment of the limestone and therefore form a somewhat regu- 
lar foot wall to these lead chamber.^*. The roof of the foot-wall bodies 
is irregular, and no definite limit has been found. In the dolomite, 
prongs and fingers extend out from the main body in various direc- 
tions, giving an extremelj' irregular profile when they are aeen in cross 
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PLATE LIX. 

SU^R OF ORE FROM THE WILSON SHOOT. 

This plate shows photographs, on a reduced scale, of both sides of a slab of ore from 
tHe Wilson ore shoot. The white areas are the white dolomite sand rock and 
the dark areas are ore consisting of galena, yellow blende, and a very little 
pyrite. 

A shows the dolomite fractured into slabs by parallel planes and the slabs broken 
into rectangular blocks by cross fractures, which, as a rule, do not ext^end 
through more than one slab. In the lower part of the specimen replacement 
has gone far enough to obliterate the rocks, and only nucleal masses of lime- 
stone are seen. In the upper part the fractures contain galena and blende, 
which has penetrated along the minutest cracks and by replacement has 
enlarged the opening and formed the layers seen. 

B shows the reversed side of the same specimen, which is a slab about an inch thick. 
In this specimen the lower blocks of white dolomite which are so conspicuous 
on the first figure are almost completely replaced. The specimen shows that 
little cracks extend into the blocks of white dolomite, and that replacement takes 
place rapidly in the interior of the mass and not alone from the outaide, so 
that while the comers are rounded and progressive replacement is shown along 
the borders the interior is attacked until only a sponge is left of the white 
dolomite. 

488 
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seotion. The sections shown in PL LIV ai-e typical for these foot-wall 
bodie.s, though they actually i-epivsent the 3,200-leveI hanging-wall ore 
shoot. These foot-wall hotlies invariably show a connection at ^iiie 
point with the main ore-body ore channels. These connections are 
strings of galena ore parsing into a mixtui-e of galena and quartz, and 
thin into pui-ely quanz oic connecting with the hanging-wall quaitz 
body. 

FilVntij. — The ore forming these lead chambera is not a solid mass 
of jnilena or its altemtion products, but consists of a breccia of white 
or yellow dolomite fi-agments cemented by ore (PI. LIX). Sometimes 
the upper part is a limestone breccia with the intei-spaces filled with 
blue (juartz, in which case the (|uartz (iirries from 5f) to lOO ounces of 
silver, though it may show no recognizable minerals. Such ore carries 



Yvi. 76.— Fftce of Wilson ore body, 1.450-foot level stapes of Elkhom mine. 

no lead, but when broken down is low grade and will run but 15 ounces 
of silver per ton. In the upper lead chambers the higher parts of the 
ore bodies were oxidized t« lead carbonates, showing a slight coloration 
from copper carbonates. Very often, also, there was a quartz crust 
found as a shell about certain parts of the ore body, usually near the 
top. In general, however, the lead ores arc limited abruptly by lime- 
stone, or by low-gi-ade ore from which strings and fingers of the galena 
and zinc extend out into ci-acks of the white limestone. No foot-wall 
bodies have ever been found in the mine above the 550-foot level. 

An exposure showing the typical character of the filling of these 
foot-wall chamljers is shown fn PI. LX, made from a flash-light 
photograph taken by Mr. 0. F. Pearis. The actual face illustrated was 
in the 1,750-level intermediate slope. The view shows that the lime- 



490 ELKHOBN MINING DISTRICT, MONTANA. 

stone blocks are in part angular and in part rounded, and though 
positive proof that the ore is formed by the replacement of limestone 
is afforded by underground workings, by numerous specimens, and 
by thin sections of the ore seen under the microscope, part of the ore 
body appears to bo due to the filling of the open spaces between the 
limestone fragments. Any marked solvent action would have rounded 
off the sharp angles and destroyed the long, thin slivers of limestone 
which are shown in the picture. Another face shown in fig. 76 which is 
a direct reproduction of another flash-light photograph taken by Mr. 
Pearis, shows broken limestone which in the lower part of the view 
is a breccia and in the upper part has been flexed and crushed suflS- 
ciently for the solutions to penetrate along the fractures, cementing 
the pieces together. There is evidence in the arrangement of the 
limestone blocks, not only of the tearing apart of the limestone in 
parallel plates, but also of movement along the fractures by which 
these blocks are twisted and their orientation destroyed. 

Description of a foot-wall ore body. — Most of the foot- wall bodies 
were practically^ mined out at the time of the writer's visit, the ore 
that was left being found along the sides of the ore bodies or in small 
projecting prongs of the main chambers. A good opportunity for an 
examination of an ore body of this kind was, however, afforded by the 
opening up and extiuction of an ore body lying between the two main 
ore shoots. This ore body has been called the Wilson shoot, and lies 
in the dolomite between the south ore shoot and the main shaft. This 
body, unlike foot-wall bodies in general, is not directly behind or 
underneath the main ore shoot, but lies off to one side and at a greater 
distance from the slate contact than most of the foot-wall bodies. Its 
general characters, however, are similar, though it contains a larger 
proportion of quartzose ore. The ore body begins as a spur of the 
main south ore shoot near the 1,250-foot level. This spur passes off 
into the foot-wall dolomite as a pipe or chimney and opens out into a 
broad and high chamber, from which large amounts of ore were 
extracted. It forms a continuous, though irregular, ore body from a 
point below the 1,250-foot level to a short distance below the 1,650 
level; its farther extension is uncertain, as the ore at that point was 
too base to mine, though it lies directly over the upper part of 
another ore body and probably connects with it by low-grade ore. 
Its location coiTcsponds to a decided bend in the strata, which develops 
into small cross faults throwing the slate hanging wall in the -650 and 
lower levels. These faults are apparent in the slate, but are dissipated 
in the limestone in a series of parallel fractures or in a simple crushing 
of the rock. The connection with the main south ore shoot shows 
porous and oxidized quartz, which changes in the limestone to oxidized 
lead ore consisting of cerussite and other products of decomposi- 
tion carrying high values in silver. This character of ore continues 
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downward to the l,4rOO-foot level, the silver contents being very 
uniform except on the borders of the deposit, where it becomes lower 
in grade. This decomposed ore contained nucleal masses of sulphides 
in the upper part and changes to a solid bod}^ of galena with blende 
and p3^rite about 200 feet below the top. The sulphide ore continued 
downward, but decreased gradually in silver contents, corresponding 
to a decrease in amount of galena and a larger amount of zinc and 
pyrite, until finally, at a point 10 to 15 feet below the 650 level, the 
ore consisted largel}'^ of black-jack (blende) with iron pyrite, and carried 
from 10 to 15 ounces of silver per ton. The big ore chamber consisted 
mainly of shipping ore of the character just noted, the upper 6 feet, 
however, being a rich oxide ore that was taken off for milling, and 
rich bunches and streaks of this ore were found along fracture planes 
extending into the limestone above the ore body. Oxidation had also 
extended a short distance down the sides of the ore body, altering the 
outer portion of the ore and the limestone adjacent to it. The top of 
the main chamber of the shoot differed somewhat from this in showing 
a clean roof of white dolomite sand-rock devoid of any rust, stain, or 
other evidence of oxidation, and the quartz found near the top of the 
ore body was white and vitreous. In the north prong of this big 
chamber there was some oxidation, the dolomite being yellow with 
dendritic manganese markings and the quartz carrying some oxides. 

The rich oxide ore, which, as just noted, was taken off for milling, 
lay against the roof of the ore body and rested upon the shipping ore 
of the foot- wall side. The quartz was brown and watery looking, and 
apparently carried no values, though it assayed 75 ounces in silver and 
formed a very good milling ore. Underneath the altered lead ores 
there was usually more or less sulphide ore, which averaged over 200 
ounces in silver per ton. The pyritic ore, into which the ore shoot 
passed in depth, varied greatly in value. This no doubt depended 
somewhat upon the proportion of galena which it contained, but also 
consisted in a variation in the silver contents of the pyrite itself. The 
size of these foot-wall workings is often somewhat larger than that of 
the actual ore body, since strings of rich galena extend out into the 
limestone, particularly where the ore body wedges out at the sides 
and ends. This is well shown in the lower end of the 1,650 foot-wall 
stope, where the ore body is 4 feet high in the lower part, with verti- 
cal side walls showing no stringers of ore running into them. At the 
lower end, where the ore ends in a pocket, the limestone overlying it 
shows streaks and films running oiit into the yellow dolomite forming 
the roof. Commonly the yellow color of the dolomite is an indication 
of the proximity of ore bodies, as it is due to oxidation following 
down the borders of the ore shoots, and it is said to have marked the 
occurrence of the richest galena. As an exception to this, it should 
be noted that in the 2,200 stopes the ore found in the white limestone 



492 ELKHORN MINING DISTRICT, MONTANA. 

and associated with the white quartz was the richest ore. This, how- 
ever, is explained by the occurrence of tetrahedrite in the ore. In 
general it may be stated that in all the ore bodies the proportion of 
P3'rite increases in the lower part, and in some cases the low values of 
this pyrite prevented a thorough exploration of the ore body, so that 
its actual limits and lower extensions are not definitelv known. How- 
ever, fairly thorough prospecting on the 2,300 south levels has demons- 
trated that the ore bodies have pinched out at that depth and that no 
large masses of payable ore occur. 

Considerable space has been devoted to a description of the foot- wall 
bodies, as it is believed that thev are merelv parts of the main ore 
shoots and show in the structure evidence of the manner of formation 
of the deposit. In the lead chambers the limestone has been replaced 
mainly by galena; in the main ore shoots, by quartz carrying tetra- 
hedrite. 

NATURE OF THE ORE DEPOSIT. 
STRUCTURAL RELATIONS OF THE ORE SHOOTS. 

An examination of the mine map shows a ver}" interesting connec- 
tion between the occurrence of the ore shoots and the presence of flex- 
ures in the strata. With rare excep- 

" N^ ,^-~^^ tions the mine levels are driven 

>^^sss !?ttltm»^ ^^ along the slate-limestone contact. 

; \ The map therefore shows horizontal 

/ \ sections of the contact planes, and 

the curves in the levels correspond 

\/ to flexures in the rocks. It is ap- 

^ ^ y parent from the mine map that the 

stmta are bent by two flexures whose 

Pig. 77.— Dlagrram showing occurrence of ore arc is longCSt in the deeper leVcls. 
shoots In pitching arches or folds of the mi /i j? ^i_ 4. a. > 

strata, Eikhom mine. The flcxurcs are farthest apart m 

the deep levels and approach each 
other in the upper levels, until they form practically one fold. The 
diagram (fig. 77) which is made from the mine map, shows that the ore 
occurs on the under side of steeply pitching arches; that is, under- 
neath flexures in the hanging-wall slate. This may be regarded as 
definite proof that the ore-bearing solutions came from below and 
followed up channels formed by the crushed limestone and confined 
by the impervious hanging-wall slate. This proof is the more inter- 
esting because of the gradual impoverishment of the ore shoots in 
depth and their pinching out in the deeper workings. The material 
for the ore shoots must have come through fissures now filled with 
low-grade or barren quartz, such as the small ore shoot of the 2,300 
level. The ore of the hanging-wall bodies was in part a breccia and 
in part a solid ore. It is certain, however, from the occurrence of the 
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ore .shoott> that ore deposition was practically controlled by the rock 
flexures, and the ore bodies are thickest where undulations in the slate 
occur, as shown in the vertical cross sections. In a lesser degree the 
minor fractures also affect ore deposition. 

In order to show the relation of the ore bodies to the folding of the 
rocks a section has been prepared across the ore bodies of the 1,450 
level. The plane of the section is not a horizontal one, but has been 
made perpendicular to the hanging wall in order to give a true cross 
section of the ore body. The figure shows a verj' marked bend in the 
hanging-wall slate, and the ore bodies cut are only parts of a very 
much larger chamber indicated by the dotted lines. A siujilar section 
(tig. 78, p. 478) made parallel to the drift and perpendicular to the hang- 
ing wall on the 650 level, shows the ore body south of the shaft. In 
this case the position of the foot- wall bodies relative to the hanging- wall 
ore shoot is plainly indicated. The plane of the section cutting across 
projecting arms of the hanging-wall ore body does not show a con- 
tinuous mass of quartz along the ore contact, although the bodies 
seen in the figure would show such connection if cut by planes either 
above or below that actually used. On this figure no attempt has been 
made to indicate the actual extent of the ore bodies in other planes. 

South of the shaft the flexure in whose axis the main ore shoot is 
found is accompanied by several small cross faults, and these faults 
have att'ected ore deposition. On the 1,850-foot level there is 
undou>)ted evidence of a strike fault, and the ore is connected with 
and comes against this fault. In passing down the winze below the 
1,850-foot level the strike fault is seen to turn downward and become 
nearly vertical, and is accompanied by a cutting off of the ore. It 
looks as if the ore deposition was controlled b}' the open spaces formed 
by slipping along a step fault in which the tearing off or projecting 
corners furnished a breccia which filled in the angles and was the seat 
of ore deposition. If this theory is correct, ore should be found 
wherever a fault changes its inclination from vertical to an angle 
corresponding to that of the hanging wall. 

ORE SHOOTS CONSTITUTE SADDLE DEPOSITS. 

The Elkhorn ore bodies are saddle deposits formed in pitching 
arches beneath a bed of impervious slate and in a dolomite marble. 
Lying along the bedding plane between the dolomite and slate, it would 
commonly be called a ''contact deposit," but, as pointed out by 
Emmons,* this is a term that should properly be confined to the con- 
tact between igneous and sedimentary rocks — that is, between rocks 
not of contemporaneous origin. The term ''bedding-plane deposits," 
though somewhat clumsy, is preferable to "bedded vein," since the 

^ structural relatiouH of ore deposit*: Trans. Am. lust. Min. Eng., Feb., 1888, pp. 10, 14. 
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latter seems to imply horizontalit}" and possibly synchronous fortna- 
tion with that of the inclosing strata. In the disturbed strata of the 
Elkhorn district the folding has been accompanied b}^ movement or 
slipping along the bedding planes, and this movement has produced 
brecciation and minor faulting along the axes of the lesser folds. The 
impervious slate acts as a covei that confined the circulating waters 
to the pipes of crushed rock in the saddle of the arches. Similar con- 
tact deposits l)etween slate and limestone are relatively common in the 
Rocky Mountains, and may be ascribed to the impervious and insolu])le 
nature of the slates and perhaps to the fact that precipitation was 
induced by the retardation of the current along the confining wall. 
As already stated, it is only when the slate is brecciated that ore depo- 
sition has taken place in this rock, the deposits genei-alh^ being 
confined to the dolomite. 

That actual movement has occurred along the slate and limestone 
bedding plane is proved by the platy nature of the strata at their con- 
tact, as well as by the brecciation of both slate and limestone in. the 
folds. That this movement was not general, and hence that the 
bedding plane was not the site of a strike fault or fissure, is shown 
by the localization of the brecciated material and of the slips coin- 
cident with the folds. On the other hand, the ore channels occur in 
the saddles of the folds, and it is evident that folds formed under a 
relatively light load would tend to develop open spaces in the saddles. 
Where a soft stmtum, such as shale, occurs between hard bodies there 
is a tendenc}' for the .^oft rock to flow into and fill such a cavity, 
forming a saddle-shaped mass, thick on top of the fold and verj^ thin 
on the shanks. In the Elkhorn deposits, however, the hornstone 
(called slate b}' miners) yielded to flexure and formed a generally 
unbroken, impervious roof; though metamorphosed, it resisted crush- 
ing better than the underlying brittle and friable dolomite, so that 
the latter was crushed and shattered and formed a loose breccia under 
the arches. As the general rock folding of the sedimentary strata 
occurred before the igneous rocks were intruded, and hence before 
rock metamorphism took place, it is necessar}' to suppose a later 
period or periods of folding in which the convolutions in which the 
ore deposits occurred are supposed to be due to the thrust of the later 
igneous intrusions. 

In its brecciated character the deposit is analogous to the silver- 
lead deposits of Eureka, Nev. Interstices between the fragments of 
crushed limestone would admit of a relativelj'^ free passage of sur- 
rounding waters, and would furnish space for the precipitation of 
quartz and the ore minemls, while the readilj' soluble dolomite frag- 
ments would be replaced b}'^ vein material. The irregular forms of 
such ore bodies are to be explained by the occurrence of crushed 
masses of rock and bj' the dissolving action of the mineralizing 
solutions. 
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The Elkhorn deposit is noteworthy for several reasons: 

First. It occurs in plicated sedimentary roc*.ks metamorphosed by a 
succession of igneous intra<?ions. 

Second. It occurs in the crushed rock found in the saddle of minor 
folds, and follows the bedding plane of an overlying altered shale 
(hornstone). The crushed rock formed the primary ore channel for 
uprising siliceous waters. 

Third. The deposits are not the result of the filling of preexisting 
caves in the limestone, but are mainly due to gradual replacement of 
dolomite by the substances brought in by ore-bearing solutions. The 
ore is confined almost entirelv to the more readilv soluble dolomite, 
when found in the hornstone being only a cementing material for 
fragments of that rock. 

Fourth. The ore is believed to be derived from below, because it 
occurs on the underside of an impervious stratum, bent in pitching 
anticlinal folds. 

Fifth. That the ore decreases in amount and richness in depth is no 
objection to the theory proposed, since it is now well known that in 
the Black Hills the barren, or but slightly mineralized, * Verticals" 
(mere cracks traversing the rock) are the feeding channels for impor- 
tant ore bodies that occur in readily replaceable rocks, particularly at 
bedding-plane contacts with adjacent impermeable strata. 

ALTERATION OF COUNTRY ROCK. 

The rock adjai^ent to the ore deposits shows none of that marked 
alteration characteristic of ore deposits in igneous rocks. The dolo- 
mite is not the result of the dolomitization of a limestone by solutions 
ascending through the ore channels, since it maintains its character 
remote from the ore. The hanging-wall slate is usually slightly 
altered for a few inches from the ore bodies, and where the rock is 
brecciated and the fragments are cemented by metallic sulphides the 
rock has been decomposed and even pyritized. The dolomite does not 
show alteration from the ore-depositing solutions. This is lacking 
because the action was one of replacement of dolomite by silica and 
sulphides. In this sense the rock is altered, for near the ore bodies it 
is shattered or ciuckled and the fractures are filled by silica. These 
silica films are due primarily to a penetration of the solution along the 
fractures, but they are more properly replacement deposits, since 
their sections studied under the microscope show that the dolomite is 
attacked along cleavage lines, etching and deposition of silica going on 
simultaneously. This is, of course, merely a phase of the process of 
ore deposition, for the quartz films often carry sulphides, and if the 
dolomite be dissolved away by dilute acid a skeleton is left, composed 
of silica and metallic sulphides, which constitutes a cellular mass pseu- 
domorphic after the dissolved fragments. Where oxidation of the 
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sulphides has produced acid waters this same action has taken place in 
nature. Where substitution has gone still further, and the original 
solutions have replaced a large proportion of the limestone, the orig- 
inal brecciated character is lost, and a mass of quartz, or ore, carrying 
included fragments of limestone is all that is left to indicate that the 
process was one of replacement. 

MODE OF FORMATION OF ORES. 
ORIGIN BY REPLACEMENT. 

That the ores are deposited from aqueous solutions there can be no 
doubt; their general occurrence, mineralogic character, and a study 
under the microscope of thin sections all confiiin this conclusion, and 
as such origin is now generally accepted for most ore deposits no 
further comment need be made on this subject. That the ores were 
deposited by ascending waters is proved, as has already been stated, 
by their occurrence under pitching arches. That the ores are 
deposited by replacement of country rock, and only to a minor degree 
by the filling of the interspaces between limestone fragments, is proved 
by the evidence afforded by a study of the ore deposits, by the ores 
themselves as seen in hand specimens, and by thin sections examined 
under the microscope. By replacement is meant what is technically 
called metasomatism; that is, interchange of substance. It differs from 
pseudomorphism, as the latter implies preservation of the form of the 
matter replaced, while metasomatism does not involve the preserva- 
tion of either form or substance. 

The positive evidence of metasomatism is very striking and com- 
plete at Elkhorn. In the foot-wall ore bodies especially, the struc- 
tures — which are represented in the plates made from photographs of 
actual ore faces — show that masses of crushed dolomite resulted from 
folding, and the open space between the fragments, if such existed, 
would, if filled by ore, produce the ore breccia now seen. A careful 
study of all the cavities left by the extraction of ore showed that no 
preexisting caves served as loci for ore deposition. Moreover, the 
ore bodies as mined never showed open cavities abov'e the ore. Hand 
specimens, as for instance the one of which photographs are repro- 
duced in PI. LXI, show little dolomite blocks in various stages of 
replacement. In the quartz ores every stage may be seen, from little 
films of silica penetrating the shattered limestone along capillary frac- 
tures to a mass of quartz containing nuclei of limestone. It should 
be noted also that the ore shows no crustification. 

The dolomite adjacent to the ore bodies is netted with films of silica 
which are often extremely thin. The silica occupies fissures which 
are evidently the result of a shattering of the rocks in place, without 
disturbance of the fragments. Where the silica carries no metallic 
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PLATE LXI. 

LIMESTONE FRAGMENTS CEMENTED BY QUARTZ. 

The photograph shows a specimen (A), natural size, of limestone fragments cemented 
by dark-blue quartz. The fragments fit together so closely that it is evident 
that no movement has taken place, but that the brecciation is the result of a 
shattering of the rock with the infiltration of siliceous waters and replacement 
along the cracks. The quartz carries good silver values, though the ore parti- 
cles are too minute for determination of species. The quartz is extremely finely 
granular, showing the texture and color characteristic of metasomatic replace- 
ment, and not the comb structure of the filling of open cavities. The specimen 
illustrates an earlier stage in the formation of the quartzose ore of the hanging- 
wall ore shoots. 

Other specimens (B and C) show progressive stages in which the small fragments 
are replaced and the quartz seams are enlarged by the rounding off of corners, 
and still others in which only residual masses of limestone occur scattered 
through a massive quartz. 
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sometimes pyrite {(miiis wour abundantly dotting the doltmiite par- 
allel to the fisHiii-e wall, and in siieh cases the quartz ciiriies no 
pyrite, or eUe is simply dark coloi-ed, owing to a dust of minute 
particles of the ii-on sulphide. More commonly the (luartz is seen 
replacing the dolomitf;, Iwth as well-marked fissures and as gi-ains 
which are apparently interstitial, presenting the appeanince of an 
open sjKJnge of dolomite tillwl liy quartz. In this case, however, 
the relation of the crystalline outlines of the quartz to the dolomite 
gniins and th(! ix'iietrntion of the latter hy the quartz show dearly 
that the sili<-a has replaced the foimer mineral. In general the 
quiirtz replacing the dolomite shows a finely crystalline character. 
Oftentimes fragments of the carbonate are surrounded bj' a Imnd 
of dense, cryptocijstalline 
quartz which is of the char- 
acter supposed to be typical 
of replacement' 

More often this eryptocry- 
stalline quartz is sul>ordinate 
in amount or entirely want- 
ing, and the main body of that 
mineml presents the some- 
what coarsely crystalline char- 
acter which is supposed to be 
typical of the filling of open 
spates. It should Ihs noted, 
however, that the quartz 
gmins do not exceed a milli- 
meter or two in width, and in 
no ease do they foim the very 
coai'se comb quartz seen in 
many fissure veins. The near- 
est approach to this structure is seen where (juartz crystals partially 
tille<l the drusy cavities resulting from the dissolution of limestone 
fi-agments. 

Attention has already been <'alled to a replacement that is more in 
the nature of pseudomorphism than that which has just been men- 
tioned. This phenomenon has Iwen described in discussing the char- 
acter of the ores, and it has been shown that the shattered limestone 
has been penetrated by solutions which deposited films of silica; that 
subsequently the limestone has l>een dissolved away, leaving the silica 
as the division walls of a veiy loose cellular material; and, lastly, that 
secondary waters have dejxfsited silica upon these thin walls until in 
man}' cases the cavities have l>een completely tilled by some of the 
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coarse quartz, showing comb structure, while in other ca^es the open 
spaces have been but partly filled and show drusy centers. The galena 
ores of the foot- wall l)odies show even better evidence of replacement. 
The hand specimen, of which a photograph one-half natural size is 
reproduced in P1..LIV, show? a limestone sheeted by fractures parallel 
to the bedding and the resulting slabs broken into rectangular blocks. 
These blocks are now firmly cemented together by galena ore carrying 
zinc blende and a little pyrite. The ac<*ompanying plate presents a 
photograph of V)oth sides of the specimen, showing how the dolomite 
blocks seen on one side are almost entirely replaced on the other. The 
thin sections of the galena ores show particularly conclusive examples 
of the replacement of the dolomite. The dolomite rhombs are irregu- 
larly penetrated along cleavage planes and to a lesser extent by 
irregular, sack-shaped cavities, often into their faces, by galena and 
the accompanying silica. The silica is in part crystalline, but in large 
part of the cryptocrystalline variety so characteristic of metasomatism. 
Finally, what might be called negative evidence in favor of replacement 
also exists in the absence of open caverns, partially filled open spaces, 
the total absence of crustification, and the fact that the hanging-wall 
slate was attacked but slightly by the mineralizing solutions. 

SOURCE OF THE METALLIC CONTENTS OF THE ORES. 

The metallic contents of the Elkhorn deposits are believed to have 
come from the igneous rocks lying beneath the limestones. That the 
ores are the result of uprising siliceous waters is established by the 
facts already set forth. That these waters were hot is extremely prob- 
able, since there is abundant geological evidence that the successive 
igneous intrusions heated the entire district and that fumarolic activity 
pre^'ailed, as is shown b}' the occurrence of axinite, tourmalines, and 
other minemls in the rocks. 

As already stated, the ore deposit has been formed since the gabbro 
intrusion and the accompanying metamorphism of the sediments. The 
gabbro is rich in augite, mica, and iron ore, and often contains pyrite 
in considerable abundance. Some of this pyrite seems unquestionably 
to be of primar}^ origin. The occurrence of metallic sulphides in such 
basic rocks is, however, well established by observations elsewhere, 
notably those of Vogt in Sweden, Adams in Canada, and Kemp in the 
United States. No definite evidence has been obtained proving that 
the Elkhorn rocks are especially rich in silver and lead, yet the presence 
of metallic sulphides and the geological facts all point to the gabbro as 
the source of the metallic contents. Ore deposition probably took 
place after the intrusion of the granite batholith. The profound 
changes resulting from the presence of this enormous mass of rock, 
which obliterated the former rocks over an immense area and produced 
a great heating about the borders of the intrusion, all indicate con- 
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ditions favoring a shattering of the gabbro and a leaching of deep- 
seated portions of the mass by uprising waters foUoTTiner the granite 
intrusion. It is evident also that the pneumatoli tic action accompanying 
the cooling down of so large a mass must have greatly stimulated the 
circulation of hot waters and vapors; although no definite evidence of 
former hot- spring action is now recognizable by any surface deposit^s, 
the observed facts all point to the former presence of hot waters. It 
is true that there is a certain amount of evidence proving a differentia- 
tion of the granite about its borders, and that these basic differentiation 
products may have been leached by the circulating hot water, but it 
seems reasonable to suppose that the gabbro, a more basic rock, 
afforded some favorable physical conditions for the leaching and 
extraction of its precious-metal content. The gabbro now exposed 
in the district is very fresh, or shows only surface alteration, and 
therefore it could not have been leached, as such action would leave 
definite signs of solfataric action. The leaching must have been in 
more deeply buried portions, and the uprising mineralized waters, 
following lines of least resistance, were concentrated by the impervious 
shales in the course now marked by ore shoots. The pinching out of 
the deposit in depth and its impoverishment in values in the deeper 
workings are at first sight more favorable to the theory of precipitation 
from descending solutions than of precipitation out of ascending 
waters. As already shown, however, the deposition took place on the 
under side of a pitching anticlinal fold, and this is positive evidence 
that the waters were ascending currents. Moreover, the workings 
show that the ore channels do not disappear in depth, as quartz is seen 
in the 2,300-foot level, the bottom level of the mine, where it still 
carries metallic sulphides. Besides, the verticals of the Black Hills 
region — of whose existence and character we now have very definite 
data — are examples of extremely small and often barren fissures, 
sometimes mere cracks in the rock, which serve as feeding channels 
for the siliceous ores formed by replacement along the bedding planes 
between limestones and less soluble shales or quartzites. 

It should be remembered, also, that in solutions slightly varying con- 
ditions may change or even reverse the chemical action, solution and 
deposition being really relative terms. Varying temperature and pres- 
sure are the factors which disturb chemical equilibrium. A solution 
may dissolve metallic sulphide under the pressure and temperature 
prevailing during the cooling down of the granite batholith and carry 
them upward without precipitation. In such cases physical conditions 
did not favor precipitation, and the sulphides were deposited only when 
relief of pressure and cooling have permitted their precipitation. One 
can conceive that under stable conditions uprising hot waters flowing 
in trunk channels would show a lower zone in which the waters would 
be capable of taking the metals into solution; above this another zone 
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where the waters would hold metallic sulphides in solution but would 
not precipitate them; and a third zone, above the last, in which pre- 
cipitation would occur. Near the surface the least soluble metallic 
sulphides would have all been precipitated and the hot waters issuing 
as springs would deposit only silica and the more readily soluble salts. 
It must, of course, be understood that in this theoretical arrangement 
there would be a gradation from one zone into another, and that the 
metals should show a fairly orderly vertical distribution. This is in 
fact what we find in the Elkhorn deposit, where the ores show galena 
underlain by zinc and passing into pyritiferous ores in depth. The 
occurrence of this deposit on the border of the granite batholith is 
analogous to that of many of the great ore deposits of Montana. The 
Gmnite Mountain mine, the Drumlummon, the mines at Winston, and 
the Whitlatch Union lode, near Helena, are all familiar examples of 
rich ore deposits formed in veins traversing similar contact rocks. 

SECONDARY SULPHIDE ENRICHMENT. 

The extensive oxidation of ore bodies, converting them in the upper 
part of the mine into carbonates and oxides, has been accomplished by 
a partial leaching out of the silver contents from large masses of ore. 
This oxidizing action with lixi^riation is less prominent in depth, and, 
in the lower ore bodies, has gone no further than to form a cap of 
oxide ore above the ore bodj\ There is, however, abundant evidence 
that oxidizing waters have penetrated to the greatest depth yet reached 
in the mine, 2,300 feet on the dip. The ores from this level show 
partially altered galena with oxide coatings, and tetrahedrite partly 
converted into sooty black sulphides; moreover, open water courses 
are found in the dolomite, and the quartzose ore, taken from the 
freshly opened face of the 2,300 quartz body, showed the sulphide 
minerals partially oxidized, while the quaitz was porous and held little 
rust-stained cavities. 

It has been shown * that where ore bodies are leached by oxidizing 
waters the descending solutions may precipitate their metallic contents 
by reaction with lean primaiy sulphide ores. This reaction is promi- 
nent, however, only where the original sulphides contain much pyrite 
or other iron sulphides. The absence of such ores in the shoots worked 
in the Elkhorn mine would explain the absence from the ore bodies 
thus far worked, but it does not explain why they do not occur in the 
pyritic ores found in the lower levels. There is, it is true, some 
evidence indicating the secondary nature of tetrahedrite and of local 
bunches of secondary sulphides, but it appears probable that the fail- 
ure to form large bodies of such secondary ore is due to the massive 

^ Enrichment of mlneml veins by late metiillio sulphides, by W. H. Weed: Bull. (Jeol., Soc. Am., 
Vol. XI, 1900, pp. 17^'276. Enrichment of Kold and silver veins, by W. H. Weed: Trans. Am. Inst. 
Min. Eng., Vol. XXX, 1900, pp. 424-448. 
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and unbroken condition of the ore bodies which were not freely pene- 
trated by descending waters. Moreover, the mine waters are not acid 
and do not contain ferric sulphate, so that it is evident that favorable 
conditions for secondar}' enrichment did not genemll}" exist. The 
impoverishment of the ores in depth may perhaps be due to a slight 
enrichment of the upper levels. While it is not believed that galena 
exercises any amount of action upon descending solutions, it must be 
admitted that some of the very high-grade galena found in the mine, 
that was partly altered and showed sooty films along the cleavage 
plates, may have been rich in silver sulphides. However, the impov- 
erishment of lead-silver deposits in depth, and their passage into low- 
grade zincky ores, is a common phenomenon in the mines of the Rocky 
Mountain region. It has been especially noted by Rickard. 

AGE OF THE ORE DEPOSIT. 

The geological evidence which has been presented in the foregoing 
pages proves that the rock metamorphism of the strata containing the 
ore deposit is mainly the result of the intrusion of the granite batholith, 
and it follows from this that the ore deposit is younger and has not 
suffered metamorphism. It is believed that the deposit was formed 
shortly after and is a sequel to the granitic intrusion, and hence is of 
late Eocene or earlv Miocene asfe. The rhvolite intrusions and out- 
bursts which took place at neighboring localities in middle and late 
Miocene time were, it is true, followed by ore deposition at some 
places, but there is reason to believe that the Elkhorn deposits were 
not the result of this period of dynamic activitj^, but that, like those 
of Butte, they preceded the rhyolitic intrusions. 



CHAPTER IX. 

NOTKS OX OniEH MIXES OF THE DISTRICT. 

Although the Elkhorn mino is the only one in the district which has 
yielded any large amount of mineral wealth, there are a number of 
other fractures which are interesting scientifically and which have been 
more or less developed in the last twenty years. None of them have 
as 3'et been developed into paying mines. This is in large measure due 
to the fact that the ore which has thus far been produced has been of 
extremely low-grade character. So far as known, none of these mines 
show the favorable physical conditions which prevail in the Elkhorn. 
The following brief notes have been made on the deposits: 

Tlit C. and D, mhie is situated about a mile north of the Elkhorn. 
The ore body lies in the marbleized Madison limestones, near the gran- 
ite (([uartz-monzonite) contact. The mine has a shaft 250 feet deep, 
w ithiseveral levels, and a tunnel which crosscuts through the limestone 
to the granite contact. The mine was not examined in detail, as it was 
not accessible. The deposit is not a true fissure vein, but according to 
Mr. Kelley contains deposits of low-grade pyritic ore, with occasional 
bunches of galena in limestone, the former ore being too low grade to 
pay expenses under ordinary circumstances. The mine has been leased 
at various times to different parties, and in 1898, by reason of an 
extremelv favorable contract with the East Helena smelter, which 
desired its oxidized iron ores, it was *vorked for a while. A consid- 
erable number of car loads of ore were shipped, although the ore ran 
only from ^1.50 to $2 per ton in gold and was low in silver. Several 
car loads of galena have been shipped from the mine, coming from 
chambers in the limestone. The granite contact shows a pyrite lead, 
but this ore also was too low grade to work. The product of this mine 
has already been given in the first chapter of this report. 

The Keeiie tahie^ which lies about 1,000 feet north of the Elkhorn, 
was worked in a desultorv way for about twentv vears. It is said to be 
developed by a 150-foot shaft and by a tunnel running several hundred 
feet into the hillside and having drifts on the vein. The ore is an 
oxidized ferruginous material, said to carry good values in gold. It 
occurs along the bedding plane between an underlying limestone (the 
Keene limestone) and an overlying argillaceous bed. While the obser- 
vations made were not detailed enough to show the actual structural 
relations, it is believed that this deposit is formed along an impervious 
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stratum and that the horizon may be expected to yield workable ore 
bodies where the contact forms a pitching anticlinal fold, permitting 
saddle deposits. The mine stopes show some evidence of slipping or 
accommodation along the contact plane, but as the shaft had c«.ved in 
at the time the mine was visited and the workings were not safe no 
detailed study was made. 

Tlie Union mine is situated at the head of Alpreston Gulch, in the 
limestones near the granite contact. The property has yielded several 
railroad carloads of silver-lead ore, but the ore bodies are not continu- 
ous and the average value of the ore is said to be too low to warrant 
working. The property was worked in the early eighties, and the 
development in 1884 consisted of an 80-foot shaft and a 240-foot tunnel. 
The ore extracted at that time is reported to have carried 80 to 350 
ounces of silver per ton.* 

Tlie Dolcoath mine differs from those previously mentioned, and 
indeed, so far as known, from all other property known in the State. 
The ore shows free gold in the upper weathered parts of the body, and 
the unaltered portion consists of glittering metallic spots of bismuth 
sulphide and teiluride (bismuthinite and tetradymite). The ore-bear- 
ing stratum is from 15 to 18 inches thick and dips northeast at an angle 
of 45^ to 50°, the strike being N. 5° W. The mine has been opened 
by an incline shaft 170 feet deep, with a level at 100 feet, and another 
at the bottom of the shaft driven in both directions. The ore-bearing 
stratum is clearly an impure limestone altered by contact meta- 
morphism and now consisting of garnet (grossularite) with lesser 
amounts of diopside and spots of calcite. The rock is coarsely granu- 
lar, the garnet being the coarser mineral, and the diopside filling 
interspaces; the calcite exists in strings, veinlets, and bunches, which 
are evidently the filling of drusy cavities also showing garnet crystals 
and of fractures in the garnet itself. The calcite masses are, however, 
often similarly oriented and appear to be singular individuals which 
seems opposed to their deposition in open spaces. The ore minerals 
have been examined in the chemical laboratory of the Survey by Dr. 
H. N. Stokes, who reports that they consist of bisnmth sulphide (Bi^Sg) 
86.7 per cent, bismuth teiluride (BigTeg) 13.3 per cent. Dr. Stokes 
says that nmch of the sulphide was found to be free from the teiluride. 
Whether the latter is tetradymite with or without Jiulphide could not 
be positively determined, nor could it be determined which mineral 
carries the gold. Bismuth sulphide is the mineral bismuthinite, and it 
has altered in the upper portion of the ore deposit to the carbonate 
bismutosphterite, which occurs as a yellow, powdery material, and 
has dark-brown dendritic markings. The tetradymite contains some 
copper, and in this respect accords with the analysis made by Gcntb, 
which is recorded in Dana's Mineralogy. In the altered material this 

» Report of Director of Mlntou Prcxluetion of Gold and Silver, Waflhingum, 1885, p. 304. 
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copper has stained the rook with malachite. The bismuth minerals 
occur scattered through the ore in minute grains disseminated 
throughout the garnet, in larger grains in the diopside, and as parti- 
cles varying up to a quarter of an inch across, which appear frequently 
to be associated with the calcite. 

A study of the partially altered ore leaves no doubt that the gold 
occurs as a constituent of the bismuth minerals and that it has teen 
freed and left as native gold by their oxidation. The gold is some- 
what dull and rusty and has the habit often observed by the writer 
when it is undoubtedly derived by oxidation from tellurides. The ore 
stratum is overlain by impure marble and underlain by a similar lime- 
silicate rock. A short crosscut driven into the foot wall showed the 
presence of an intrusive sheet of gabbro-diorite at a distance of about 
18 feet from the ore body. The ore in this stratum is probably the 
result of pneumatolitic action, due either to circulating vapors or, more 
probably, to circulating hot waters rising upward through it. As sug- 
gested by Dr. Barrell, the metamorphism of an impure limestone 
would produce a somewhat porous rock, since the minerals produced 
by contact metamorphism occupy less volume than the original rock. 
The action is somewhat analogous to that of the baking of brick, in 
each case the action being due to heat. An examination of thin sec- 
tions of the wall rock has been made b}' Dr. Barrell and shows that 
they are purer limestones and that the resultant product is far less per- 
vious to water than the ore-bearing stratum. It is believed, therefore, 
that as the rocks are tilted and slightly folded the pressure was not 
suflScient to close up the jiores in the rock, and that, being confined by 
the relatively impervious stratum above and below, the uprising waters 
followed this horizon and deposited their metal contents, together with 
calcite, in the interstices of the rock. 

It has been impossible to obtain any data concerning the various 
other properties of this district, as all the shafts are filled with water 
or the tunnels are inaccessible. The report of the Director of the 
Mint upon the production of precious metals for 1884 contains a short 
account of a number of mines upon which considerable development 
work had at that time been done. Thirteen properties are mentioned 
besides the Elkhorn mine. Three of these — the Union, C. and D., 
and Keene mines — have already been mentioned; the others include a 
number of ore bodies situated close to the Elkhorn mine, none of 
which have, so far as it has been possible to ascertain, been worked 
within the last ten years. The notes mentioned give a little informa- 
tion concerning the geological charatjter of the ore deposit. 

The Relief mlne^ located a quarter of a mile northeast of the Elk- 
horn, is said to have shown at a depth of 20 feet a 12-foot vein of 
silver ore giving assays of 50 to 100 ounces per ton. 

The Paynimtet^ located 400 yards north of the Elkhorn mill, showed 
a 4-foot face of ore along a slate-dolomite contact. 
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The Ilome^tdke and the Dunstone, — The Homestake, three-fourths of 
a mile northwest of the Elkhorn, and the Dunstone, 600 yards north- 
west of the Elkhorn, show ore bodies in dolomite. 

The Monte Criato^ th£ Lunenburg ^ and the Mountain Weir. — The 
Monte Cristo, 1,000 yards west of the Elkhorn, contains a 10-foot vein 
of copper ore lying in slate and granite. The Luxenburg, one-half 
mile south of the Elkhorn mine, showed at a depth of 35 feet a 6-foot 
vein of ore carrying copper and lead, as well as the precious metals, 
the country rock being granite. To the north of the Elkhorn mill, the 
Mountain View property, situated li miles up the gulch, is said to 
have shown a 3i-foot vein of silver- lead ore in slate and syenite.* 

IRON MINES OF ELKHORN PEAK. 

On the north shoulder of Elkhorn Peak, about 700 feet below the 
summit, there are two deposits of iron ore that are exposed by open 
cuts and underground drifts, and from which considerable ore has been 
shipped at various times in the last ten years. The property is reached 
by a steep but fairly good wagon road, leading from Elkhorn up 
Alpreston Gulch and over a spur of Elkhorn Peak, a distance of about 
4 miles. The ore bodies occur beneath the great marble inclusions in 
the andesites of Elkhorn Peak, and form the white cliffs so prominent 
in all views of this mountain. These inclusions are underlain in places 
by thin seams or lenses of magnetite and garnet. In general these 
seams are too thin to be of economic value, but on the northwest side 
of the peak they are thick enough to constitute workable ore deposits. 
The ore is alwa}' s found along the bottom of the marble mass, and is 
undoubtedl}' a replacement of it. It rests on andesite, which is badly 
decomposed and rich in iron wherever it was seen exposed. The 
marble above the ore is not over 15 feet thick. The ore itself is a 
massive fine-grained magnetite, showing rare grains of chalcop^^rite 
and an admixture of garnet. Green stains of copper carbonate occur 
on the weathered crust. The mass of garnet present varies consider- 
ably, and it is possible to obtain very high-grade ore by sorting the 
material. This ore is said to carry small values in gold, but no assays 
were made to prove the ac<*uracy of this report. The only use for iron 
ores in Montana as yet has been in the smelting establishments, as a 
flux for siliceous ores. The Elkhorn material has all gone to the East 
Helena smelter. The property is reported to have been bonded in 
July, 1900, to the Helena and Livingstone Smelting and Reduction 
Company for $15,000, as a source of flux for the smelter just men- 
tioned. Deposits similar to those at Elkhorn have been noted by the 
writer about igneous intrusions in other parts of the State, notably in 
the Little Belt Mountains. They are commonly regarded as the result 
of the alteration of contact deposits of pyrite. Cross and Emmons have 
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1 Report of the Director of the Mint for 1884, pp. 304-305. 
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noted similardeposits at numorous places in ('olomdo, and have ascribed 
them to the decomposition of pyrite. It has been suggest(»d that the 
Elkhorn dep^xsits mi^ht In? altered limonite replacements formed by 
waters flowing down the andesite surface underneath the marlile. Of 
this, however, there is no proof, whereas there is definite evidence to 
show that similar deposits elsewhere have originated from the alter- 
ation of pyrite masses. 

The Jnequr)ni7) inirufH are situated in the gulch of Iron Creek a mile 
northwest of the town of Elkhorn. They were worked energetically 
during the summer and fall of 18t*8, but in 1899 they were closed 
down, and the bad air of the turmel made an examination of the ore 
body impossible. The mines were worked for a while to supply a 
temporary demand for iron ores for the East Helena smelter. The 
opening up of the War Eagle mine, near Helena, furnished a nearer 
and cheaper source of supply, and this property was closed down. 
The workings comprise a tunnel driven for several hundn^d feet 
through granite to a (contact of altered Cam})rian (Starmount limestone). 
The ore is oxidized and appears to be a mixture of hematite and limo- 
nite, and is probably an alteration of a contact deposit of pyrite. 

The Elkhorn Qiuen is situated east of Queen Kidge and just outside 
the limits of the map. This property, which was shut down at the 
time of the writer's visit, has been visited by Mr. Kelley, who states 
that it shows a pipe of porphyry in limestone, with a shell of ore about 
the contact. During Ma}^ and June, 1900, more than 1,000 tons of 
ore have been shipped from the Elkhorn Queen to the Peck concen- 
trator at East Helena. The vein is said to be 24 feet wide, and while 
values are low the immense quantity makes it easy to mine, and 
although small profit per ton can be realized the large tonnage is 
expected to make it pay large dividends. 

FUTURE OF THE DISTRICT. 

The closing down of the Elkhorn mine and the dismantling of the 
surface works is })y many regarded as the end of the mining industry 
of the district. From the daily press comes recent information that 
the Elkhorn Company's property has been sold and will be reopened. 
If this be true it is to be hoped that some prospecting will be done to 
see if the main slate-dolomite bedding plane (or contact) does not form 
another saddle to the north. If the extension of the 3(X)-foot level 
showed such a bend, as a result of another pitching arch of the strata, 
another ore body can be confidently looked for. Moreover, the only 
hanging-wall crosscuts have been driven in the intervals between the 
arches carrying the ore. The 1,050 hanging- wall crosscut passed 
through, at 60 feet from the level, a blue limestone whose contact was 
marked by ore. If ore wajs found here — in an unfavorable locality — 
there is reason to believe that ore bodies will be found in the saddle 
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above the big ore shoots. In the well-known " saddle reefs " of Aus- 
tralia, which are deposits formed in pitching anticlines, ore bodies are 
found in successive saddles one above another. The vertical sections 
commonly given in text-books and the illustrations in descriptive 
reports do not disclose the close analogy to Elkhorn which the descrip- 
tive text shows to exist. It is certain that at Elkhorn there were at 
least three impervious strata — the Elkhorn shale, the contact cut at 60 
feet above it, and the shale belt of the Keene mine. These three con- 
tacts are all marked by a little ore, and the contacts should be care- 
fully searched where pitching arches would atford favorable conditions 
for ore shoots. 



MICROSCOPICAL PETROGRAPHY OF THE ELKHORN MINING 
DISTRICT, JEFFERSON COUNTY, MONTANA. 



By Joseph Barrell. 



IXTROD UCTION. 

In this report there will be presented an account of the petrographical 
features of the various rock types of the Elkhorn mining district. The 
work is the result of a careful study of the rocks and their sections in 
the laboratory of the Sheffield Scientific School of Yale College, under 
the supervision of Prof. L. V. Pirsson, this paper on the petrography 
forming a chapter in a thesis entitled The Geology of the Elkhorn 
Mining District, presented for the degree of doctor of philosophy in 
May, 1900. This report treats first of the unaltered igneous rocks, 
and .sepai*ately of the altered sedimentary rocks, the metamorphism of 
which was produced by the heat and vapors of the igneous intrusions. 

UNAIiTERED IGNEOUtt ROCKS. 

Under this heading an account will be given of the igneous rocks of 
the district that are unaltered by contact or later weathering. As 
they form part of the series of rocks formed from the earlier Tertiary 
igneous activity of this part of Montana, the results of the study apply 
to a widespread area as well as to the Elkhorn district. A general 
account of these has been given by Mr. Weed in the paper preceding 
this, and it is to be noted that, while no unusual types are found, 
considering the limited area a great many varieties are represented, 
belonging to consecutive epochs of eruptive activity. Referred 
with probability to the oldest period are a number of dikes eman- 
ating from a syenitic magma but showing extreme differentiation 
from acid to basic types. These have been observed in the Elkhorn 
mine and also in the southern part of the district within a mass 
of Starmount lime-silicate rocks isolated from the other sedimentaries 
by later eruptives. Following these at an unknown interval came a 
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period of great eruptions from dioritio and g^abbroic magmas, forming 
the Blaek Butte stock of gabbro, the hiccolithic intrusion of diorite- 
porphyry, numerous dioritic and gabbroic dikes, the intrusive and 
extrusive areas of andesite found in the northern and southern part« 
of the district, and perhaps the Cemetery Ridge stock, though the 
relations of the latter to the other eruptives are not well shown. After 
this there was an irregular and branching intrusion of quaitz-diorite- 
porphyry across the southern part of the district, and finally came the 
breaking of the quartz-monzonite of the batholith across the western 
border. The intrusion of aplite dikes through the quartz-monzonite 
and the adjacent sedimentaries marks the close within this area of the 
eruptive actions. 

The plan of this report is to describe the microscopical features of 
these rocks, pointing out any peculiarities, to give the chemical and 
mineralogical compositions, and to indicate, where possible, what rela- 
tions may exist among them. Chemical analyses^ of the principal 
rock types are given, but in the descriptions these are supplemented 
throughout b^' estimated mineral or chemical compositions as deter- 
mined by the microscope. 

In those classes of rocks where the minerals are clearly separated 
from one another an estimate of the chemical composition sufficiently 
accumte for many purposes may be obtained by the use of the micro- 
scope. The percentages of the several minerals and their composition 
are first determined. In those minerals, such as the pyroxenes or 
hornblendes, where certain elements may replace each other in 
unknown quantities, the general character of the rock will enable one 
to decide approximately what composition to assign to them, but as 
they usually form but a small part of the rock the final error resulting 
from this source is correspondingly reduced. 

The composition of the feldspars is usually susceptible of accurate 
determination. Where possible the method of Michel L^vy'^ is used, 
depending upon the extinction angles observed in crystals twinned 
according to both the albite and Carlsbad laws and cut nearly perpen- 
dicular to the clinopinacoid. Where the section is not favoral>le for 
the application of this method a variety of other methods may be 
employed, such as the relation of the vibration direction to the cleav- 
ages shown in clinopinacoidal sections and the positions of the optic 
axes. 

For estimating the percentage of the constituent minerals of the 
section any one of a number of methods may be used, that which is 

* These analyses were made forme by Dr. H. N. Stokes in the laboratory of the United States Ge«)- 
logieal Survey. The careiul nature of the work of Dr. Stokes is well known, and it lis a pleasure 
for me to call attention to the close correspondence between the mineralogical and chemical com- 
positions of the rork tyi)es described herein.— W. H. Weed. 

- Elude sur la determination des feklspaths, ls94. Same, second faseicle, 1896. On the determina- 
tion of plaiyriodase fehispars in rock sei'lions. by George F. Becker: Am, Jour. Sci., 4th series. Vol. V, 
May, lb)ff>, p. 349. 
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chosen depending upon the degree of precision desired. In this work 
the method employed is as follows: 

The field of view of the microscope is divided into quadrants by the 
cross hairs, and thcvse are mentally divided into sectors which are 
thirds, fifths, or smaller fractions. By taking such a power of objec- 
tive that the component to be estimated is represented in the field of 
view by a fair number of crystals, the latter can be mentally collected 
together and packed into one quadrant, and the fraction which it fills 
estimated. 

If not enough of the section can be seen in one field of view to give 
a representative idea of it, a number of gages must be taken, this 
being done while the minerals are under study, so that no time is con- 
sumed, and it will be found that with a little practice a fair degree of 
precision may l>e reached. As the one thin section under study is not 
presumed to be an accurate average of the rock mass, it is not often 
that a more exact method of estimation will be called for. 

In the case of holocrystalline rpcks, where the writer has })oen 
enabled to check this method of estimating the mineral and chemical 
composition by comparison with laboratory analyses, it is found that 
the error in any one element should )>e less than 1 per cent and is 
often less than one-half per cent. 

BLACK BUTTE STOCK AND ASSOCIATED DIKES. 

This stock, more fully descril)ed elsewhere, is an intrusion half a 
mile in diameter, with very irregular boundaries, situated three-fourths 
of a mile northwest of the town of Elkhorn. It has broken through 
the Lower Paleozoic limestones, and on the west is ib^elf sheared off 
by the later intrusion of the batholith. On the other three sides are 
many small outlying stocks and stock-like dikes, consisting of rocks of 
similar composition and connected with it in origin. The cliffs and 
loose bowlders present a coarse-grained, weathered surface of a dull- 
grayish bla(;k. On fresh fra(*tures labradorite shows as a deep-gray 
groundwork, biotite in intense black clusters, and augite and horn- 
blende as dull black cr3\stals, usually with poorly defined boundaries. 

In the coarser-grained varieties these distinctions can be readily 
made out, but in the denser forms only a fine-grained, uniformly dark 
surface is presented to the eye. 

The coarseness of texture shows no verv marked relation to the 
nearness to the walls. These appear to have been thoroughly heated 
before crystallization took place, and other causes have been chiefly 
operative in determining the granularity and general appearance of 
the rock. 

The material of this intrusion is typically a gabbro, but shows con- 
siderable variation in composition, leaning in some places toward the 
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anorthosites, in others toward the pyroxenites, and passing in the out- 
lying dikes into diorites. In the following table the composition of 
the representative rock is given, and is compared with that of the 
gabbros of the southwestern Adirondack region, to which this rock 
bears a strong resemblance. 

Analyaes of gabbros from Montana and New York. 



Constituent 


A. 


B. 


SiOa 


47.44 

18.21 

5.37 

6.05 

5.53 

9.98 

2.58 

1.17 

.13 

1.08 

1.38 

None. 

.68 

a. 03 

None. 

None. 

.06 

.08 

.08 

Trace. 


46.85 

18.00 

6.16 

8.76 

8.43 

10.17 

2.19 

.09 

1 .30 


ALOg---.. 


Fe,0. 


^ ^j-^g .......................... .. 

FeO 


MffO 


CaO 


NajjO 


KoO 


2^-' ---------- •..-.•.-..•-•-...... 

H-0 at 110*» C 


H.,0 above 110*^0 


TiO, 


^^a ........... .................. 

GO,. 




'^^-V^JI .................... ......... 

P.Os : 




S 




CrA 




NiO 




MnO 




BaO 




grO 




LLO 




'.Hjvy .••••-................•...... 




99.85 


100.95 



a Undetermined whether sulphide or sulphate. 

A. Normal gabbro from west side of Black Butte, not far from the limestone con- 
tact, Elkhom, Mont. Analysis by H. N. Stokes. 

B. Hypersthene-gabbro from the southwestern Adirondacks, New York. C. H. 
Smyth, jr., American Journal of Science, July, 1894. 

The rock is seen to be a normal gabbro, but differs somewhat from 
any from Montana yet described by the United States Geological 
Survey in having a rather high percentage of alumina compared to 
the amount of silica. This expresses itself in the mineral composition 
by an abundance of labradorite. 

To show the variations in composition within the stock and also in 
the adjacent dikes the following table is given. The percentages are 
estimated by the microscope and are given by volume. The magne- 
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tite being the mineral of greatest specific gravity, the most noticeable 
change in converting these into percentages by weight would be a 
slight raising of the amount of magnetite and a lowering of the labra- 
dorite. For purposes of comparison the composition by volume, being 
that directly obtained by the microscope, will suflice equally well. 

Mineral composition of igneous rocks from Black Butte stock and associated dikes. 



Mineral. 


1. 

37 
46 

8 
6 

4 


2- 


3. 


4. 


5. 


TA^i^Arite . 


63 

20 

2 

10 

4 

1 


67 

8 

15 

1 
3 


70 

1 

19 

8 
.6 

2 


33 


Augite 

Hornblende 

Biotite 


8 
1 


Mafifnetit^ 


4 


Quartz 




Apatite 

Zircon 


,5 

.1 




.1 






Hvperethene 






4 


(rmtinHmiiiwi . 








•••••••• 


50 















1. Gabbro from near northern side of main stock (144). 

2. Gabbro, west side of Black Butte, near limestone contact. See analysis on page 
514, by N. H. Stokes (155-156). 

3. Gabbro-diorite from small intrusion half mile north of Black Butte (64). 

4. Diorite. Inclusion in later eruptive 4,000 feet south of Black Butte (17). 

5. Andesite-porphyry, from same inclusion as No. 4; a different portion of same 
mass (90). 

Note. — The numbers in parentheses after all tables refer to field numbers given 
to localities and to specimens taken from them. 

The similarity of Nos. 2, 3, and 4 is to be noted, No. 2 coming from 
the stock, while 3 and 4 are from outlying intrusions 6,000 feet apart. 
The latter two closely resemble each other in microscopic appearance 
as well as in composition, and all are blackish-gray holocrystalline 
rocks, noted under the microscope for their large percentage of labra- 
dorite, which runs in composition from Ab, An, to Ab, An^, the entire 
series possessing also a notable amount of biotite. 

No. 2 compared to No. 1 shows the variation in composition within 
the same stock, and Nos. 4 and 5 exhibit a similar contrast for an out- 
lying fragment of the same magma, originally an intrusion, but now 
held as an inclusion within the quartz-diorite-porphyry, which occupies 
a considerable area south of Black Butte. 

In regard to the original relations of Nos. 4 and 5 to the strata which 
once surrounded them, not much can be said, since they are now parts 
of an inclusion within a later eruptive. Their difference in mineral 
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composition between themselves must be noted, however, as indicating 
the rapid changes which may take place within the same intrusion. 
The association of minei'als is seen on comparing the several sections. 
Free quai'tz exists in those with much biotite and hornblende, even ip 
the presence of those minerals characteristic of the more basic rocks, 
but avoids those parts of the stock in which the magnetite and augite 
are high and the biotite and hornblende low. It is to be noted that 
where the quartz is present the labradorite feldspars are zonally built 
in the outer parts, indicating a greater content of soda and silica and 
a transition toward the albite molecule, a feature quite absent in the 
most basic gabbros. 

The greater percentage of labradorite in certain sections of the stock, 
and its matted manner of occurrence, when taken in connection with 
the fact that in the gabbros it is the first mineral to crystallize, suggest 
the explanation that the cause of the segregation has been the cooling 
of the walls. The moving and settling of the magma within the stock 
while undergoing crystallization would aflFord opportunity for the 
labradorite to crystallize against the contacts, exhibiting a parallelism 
in orientation, while the other constituents were still in the fluid con- 
dition, resulting in a concentration of the labi-adorite at the sides and 
of the iron ores and augite toward the center. If this is the true 
interpretation it is worthy of note, since in the more acid magmas it 
is the iron ores and f erromagnesian minerals which are the first to 
ciystallize and which by that means are often concentrated near the 
borders of an intrusion. 

The thatched or matted manner in which the labradorite crystals lie 
upon one another is not strictly confined to the margin, and the same 
process may have been continuous for some distance inward, provided 
there was a slow movement of material within the throat as the crys- 
tallization proceeded. 

ROCKS OF THE CEMETERY RIDGE STOCK. 

This area of eruptive rock, a half mile in width by three-fourths of 
a mile in length, lies immediately east of the town of Elkhorn. Like 
the one previously studied, it has broken through the Paleozoic lime- 
stones and possesses a very irregular margin. At the surface it is 
entirely isolated from contact with all of the other eruptives of the 
district, and this, in addition to its highly altered condition and the 
absence of fresh material for study, renders its relationships some- 
what doubtful. The rock where freshest is seen to possess a holo- 
crystalline texture and the appearance of a diorite. In its present 
condition it shows the influence of l^oth extensive subaerial and sub- 
terranean alteration. The surface weathering has produced rust- 
colored bowlders and a general decay for considerable depth, but the 
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more extensive form of alteration has resulted in tHe production of 
serpentine and probably other hydrous ferromagnesian silicates also, 
leaving in places no trace of the original holocrystalline texture. 
These alteration products are well exposed in the railroad cut imme- 
diately south of the Elkhorn station, showing as white to yellow, 
many-jointed surfaces. Occasional nuclei of the original igneous rock 
point conclusively to the origin of the hydrous ferromagnesian sili- 
cates, and that the alteration process is not a surface one is shown by 
the occurrence of the same materials in the Elkhorn mine at depths of 
800 feet below the surface on a drift driven southward to prospect 
this locality. As to the character of the unaltered rock, only the fol- 
lowing notes are available, the mineral compositions being given by 
volume and estimated by the use of the microscope. 

Mineral compoffition of rocks of Cemetery Ridge stock. 



Mineral. 


A. 


B. 


c. 


D. 


Orthoclase 


2 

1 
43 


80 


33 




Microcline 




Labradorite ( Abj AnJ 








Labradorite ( Ab An ) 




44 




Total feldspar 


46 


80 


75 


Quartz 


15 


5 


Biotite 


1 


8 




Hornblende 


5 


15 


Pyroxene 


50 
3 


0.8 

2 

2 

6 

1 




Pvrite 


2 
1 


2 


Titanite 




Garnet 






Decomposition products 






3 












100 


99.8 


100 


100 



A. Specimen from half a mile west of the town of Elkhorn, near the northeastern 
margin of the rtock (12). 

B. Specimen from a dike cutting the limestone on the south drift of the 1,050-foot 
level of the Elkhorn mine, at a point under the northwestern margin of the stock 
(187). 

C. Quartz-monzonite from the Elkhorn mine. Collected in 1896 by Mr. W. 8. 
Kelley. 

D. Specimen from a dike conformable to the limestones exposed on the railroad 
2,000 feet west of the stock (8) . 

The rock from the margin of the stock, represented by A, is dense 
and dark in appearance, and is seen to be a gabbro. The fragments of 
metamoiphosed limestone found within the stock at the surface, and 
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still maintaining their proper orientation, indicate that the present 
surface is near the former roof. In this locality, then, basic segrega- 
tions would be expected to occur, and deeper down the stock may be 
more siliceous. 

The dike found in the mine, and whose composition is given under 
B, is so near to the main stock that the probability of its relationship 
to the latter is strong, though by no means proved. The rock is fresh 
and granular in appearance, of a light-gray color, and with many 
sparkling points of pyrite. It is essentially an orthoclase rock, and 
shows affinities with the syenite dikes found in the extreme southern 
part of the district. Its unlikeness to A is another indication that, 
though in proximity to the Cemetery Ridge stock, it may not be 
related to it. Its further. discussion is reserved for the section on 
syenites. 

The rock given under C has the composition of an acid diorite or 
quartz-monzonite, differing conspicuously from B in possessing much 
plagioclase and quartz. It was collected from the same drift as B, but 
owing to its unlikeness can not be regarded as belonging to the same 
intrusion as the latter. 

The rock whose mineral composition is given under D is a micro- 
diorite occurring in a dike 50 feet in thickness, comformably bedded 
with the limestones, but exposed for only a short distance. It is 
quoted because it is the large intrusive nearest to the stock, but does 
not have any evident relation to it. 

In default of further material from the stock itself, its general 
character and affinities remain in doubt, the probability being that it 
is a diorite, passing in places into a gabbro, perhaps in other places 
into a quartz-monzonite. 

SYENITE DIKES. 

There are a number of thin dikes and sheets varying greatly among 
themselves but possessing the common characteristic of being with- 
out quartz and containing an abundance of alkaline feldspar. Owing 
to their thinness, and also to the fact that they are usually bedded with 
the strata, they are very liable to escape observation except where 
exposed by fresh cuttings. The only exposures noted have been in 
the Elkhorn mine workings and in a railroad cut in the southern part 
of the district. For these reasons they may be more abundant within 
the district than is supposed, especially as, where occurring near other 
eruptives, they are sometimes not readily discriminated in the field. 

Those found in the extreme southern part of the district are in a 
mass of metamorphosed Starmount argillaceous limestones, 400 feet 
in thickness, entirely isolated from the neighboring sedimentaries, 
being underlain by intrusions of quartz-diorite-porphyry and andesite 
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and capped by the diorite-porphyry laccolith. Within these light- 
colored, calcareous, metamorphic ro<;ks they occur as sheets and dikes 
from a fraction of an inch to 18 inches in width. They mnge from 
white, coarsely granular rocks, consisting almost entirely of microcline 
and hardly to be distinguished from the inclosing strata, to shonkin- 
ites, dark in color and coarsely granular, in which half of the rock con- 
sists of augite and biotite. 

Before describing them in detail, a synopsis will be given of their 
mineral composition, by volume, as estimated by the microscope. 

Mineral composition of tht Elkhom syenites. 



Mineral. 


A. 


B. 


C. 


D. 


Orthoclase 


80 






49 


Microcline 


88 


73 
4 




Labradorite 






Anorthite 






5 


Biotite 


8 
.8 






25 


Augite 


5 


20 


20 


JE^rine 


1 


Apatite 




.2 

1 
4 


.1 
3 




Titanite 


2 

6 
2 
1 




Garnet 




Pyrite 






Secondary products 


2 














99.8 


100.2 


100.1 


loo 



A. Gametiferous syenite from the 1050 south drift of the Elkhom mine, a dike 
cutting the foot- wall marbles (187). 

B. Bostonite. A dike 5 inches in width, perpendicular to the strata, in the isolated 
mass of Starmount metamorphosed limestones (170). 

C. Augite-syenite. A sheet 18 inches in width in the isolated mass of Starmount 
metamorphosed limestones. Dikes B and C intersect, but the point of intersection 
is concealed, and therefore their relations at that point are undeterminable (171). 

D. Shonkinite. A sheet of irregular width and occurrence, in the isolated mass of 
Starmount metamorphosed limestones, 75 feet south of C (174). 

The orthoclase or microcline in all of these specimens contains con- 
siderable soda, as is indicated by the mottled extinction when rotated 
between crossed nicols. Carlsbad twinning is common and the micro- 
cline shows fine watered effects. The alkaline feldspars were the last 
minerals to crystallize and hold all the others enmeshed. Where 
they form the bulk of the rock the individual crystals are from 2 to 3 
mm. in length and one-half to 1 mm. in thickness, but in certain 
places they become much coarser, sometimes giving cleavage faces an 
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inch in length. The cr3\stals show a tabular development along the 
plane 010, the clinopinacoid. Although in the types rich in alkaline 
feldspars the latter thus assume something of their crystalline form, 
the final junction line, with adjacent crj^stals of the same species, is very 
irregular, as is to be expected, since these have been the final products 
of crystallization and have necessarily grown until they have met 
each other. Thus the rock shows the panidiomorphic structure of 
Rosenbiisch, each crystal of orthoclase assuming somewhat its proper 
crystallographic form, but exhibiting none of the sugar-granular 
aplitic structure. 

In the augite-syenite and shonkinite a certain amount of plagioclase 
occurs in scattered and sharply idiomorphic crystals from one-half to 
1 mm. in length. 

The ferromagnesian components are either mica or augite, or both. 

The augite occurs in idiomorphic prisms from one-fifth to 2 mm. 
in length and shows strong pleochroism, the color along the several 
axes being bright green, greenish blue, and light yellow. The crystals 
are scattered throughout the section, though more abundant in some 
parts than in others. The very striking mottling of C of the above 
table, the augite-syenite, as seen in the hand specimen, of which a 
photogi'aph is given (PI. LXII, -4), is due to the uneven distribution 
of the almost microscopic gi'ains of augite. 

In certain small zones the augites show less pleochroism, presum- 
ably from possessing a smaller percentage of iron. In the shonkinite 
the segirine exists as an occasional narrow border zone to the 
augites. 

The mica in the syenite from the Elkhorn mine is pale green in 
color, quite unlike the rich brown of the shonkinite biotite. 

The titanite in these rocks is abundant and occurs in the usual 
lozenge-shaped crystals, averaging 0.3 mm. in length. In A, how- 
ever, the Elkhorn syenite, it also occurs in anhedral grains, and these 
are so closely intergrown with a brown garnet that it is only under 
polarized light that the}^ cafi be clearly separated. 

This close association of the crystals suggests that before crystalli- 
zation the two may have existed in segregations of somewhat similar 
molecules, differing from each other in that one kind possessed iron, 
the other titanium, the two substances on crystallizing being forced 
to separate owing to their different habits of crystallization. 

Titanium is known to occasionally replace iron and silica in andra- 
dite, and where it rises to a high percentage and alumina is absent 
the mineral becomes schorlomite. Titaniferous andradite contains 
from 1 to 10 per cent of TiOj, and has been noted in Colorado and at 
Magnet Cove, Arkansas, as well as at a number of foreign localities. 
Schorlomite contains from 12 to 22 per cent of TiOg, and occurs at 
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Magnet Cove. The relationships of these minerals are seen on com- 
paring the formulas: 

Titanite 3 CaO, 3 TiO,, 3 SiO, 

Andradite garnet 3 CaO, Fe^A, 3 SiO, 

Titaniferoiifi an(iradite 3 CaO, ( FeTi Al ) A/ 3 (SiTi)O, 

Schorlomite 3 CaO, ( FeTi) A,t 3 (SiTi)02 

These relations suggest that in the garnets of the Elkhorn syenites 
there is probably a considemble admixture of TiO,. In the specimen 
from the mine the garnet shows an intergrowth also with the mica. 

The garnet occurring in the bostonite is colorless in thin section, 
and contains fibrous inclusions, which may be woUastonite, as well as 
a very little calcite. In both places it shows intergrowths with other 
minerals, and in the bostonite is often poikilitic in the orthoclase. 
Garnet has been f requentlv noted in granites and syenites, as well as 
in gneisses, schists, and hornfels, and therefore no great weight need 
be attached to its occurrence here; but the absence of its proper crys- 
talline form is exceptional, at least for this district. 

On examining the mineral composition of the syenites, as given in 
the table, the decrease in the alkaline feldspar in C and D is seen to be 
due to the rise in iron, lime, and magnesia, which, by forming plagio- 
clase and augite, have taken up certain amounts of the alkalies. The 
marked drop in D is seen to be due to a proportionate fomiation of 
biotite, owing to the combination of a considerable amount of potash 
with iron and magnesia. 

These dikes within the isolated mass of motamorphic rocks show no 
relation to the eruptives which border it on all sides and are evidently 
more ancient than the latter. They point to some parent reservoir of 
a syenitic magma which has not been detected and may still lie con- 
cealed beneath the surface, or which has possibly been removed by the 
later intrusions that culminated in the formation of the batholith. 

DIFFERENTIATIOX IX PLACE. 

The variable character of these dikes in close juxtaposition, and 
especially the spotted and mottled surfaces shown in the augite-syenite, 
and which are reproduced in PI. LXII, A, indicate that extreme dif- 
ferentiation readily takes place. The low percentage of silica indi- 
cates a considemble liquidity and the coarseness of texture presumably 
a leisurelv crystallization, two conditions which mav be taken as 
favorable for differentiation. Over certain patches, which may be a 
foot or more in length, no augite is present, and the rock shows only 
large and prominent cleavage faces of white feldspar. Surrounding 
such a white nucleus the microcline is so thickly charged with the 
augite crystals that the color ])ecomes a blue-black, and the cleavage 

*Daiia, System of Mineralogy, 18ir2. p. 413. fOp. cit., p. 447. 
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faces of feldspar on a close examination are seen to be thickly speckled 
with the included ciystels. In the parts where the dark augites 
are abundant are many smaller spots, half an inch in diameter, free 
from them, giving a mottled appearance to the whole. The mottling of 
the augite-syenite does not appear to be due to the intimate admixture 
of previously differentiated acid and basic foniis of the magma, but 
to a diflFerentiation in place. This is judged from the character of 
the mottling, and is shown in Pi. LXII, ^4. 

The contact of the white and blue-black varieties does not show the 
rounded and di'awn-out forms which an admixture of viscous magmas 
would produce, but, on the contrary, it is an interwoven contact in 
which the white nuclei pass out in many knotted streamers and form 
on the surface spots showing a certain parallelism for a width of 
several inches. 

There is a third and intermediate foi-m of the rock, occurring as 
zones from an eighth to a quarter of an inch in thickness, between the 
two varieties previously mentioned. In the hand specimen the inter- 
mediate zone is seen to be light green in color, and under the micro- 
scope the reason is found to lie in the lighter color of the augite 
crystals, indicating the presence of a less amount of iron. 

The segregation has originated, therefore, in place and before the 
beginning of crystallization. That it originated in place is shown 
by the form of the two kinds of areas; that it occurred before the 
beginning of ciystallization, and was not produced merely by the set- 
tling together of the augite crystals already formed, is shown by the 
different character of the augites in those two zones where they occur. 

The feldspars in growing have shown no power to exclude or even 
to orient the numerous small crystals of augite and titanite which 
they include, and thus the same crystal of orthoclase may contain 
portions of all three zones. It is consequently seen that the cr\^stalli- 
zation of all the minerals has taken place after the segregation and 
independently of it. In view of the fact that the augite crystals 
were considerably heavier than the liquid feldspar within which they 
formed, it is difficult to understand why a settling out did not take 
place; but that it did not is shown by the white nuclei being bordered 
by the dark material on ' the upper as well as the lower side. For 
such a diflferentiation to have taken place within the dike before 
crystallization, the magma must have presumbably been held for some 
little time liquid, a condition which implies a general high tempera- 
ture of the rocks and the near presence at that time of a considerable 
volume of igneous material, the same condition being indicated by the 
coarsely crystalline rock structure. 

Such a segregation within a narrow dike is in contrast to what has 
been observed in the Crazy Mountains and which is to be described in 
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a report upon that district by J. E. Wolff and W. H. Weed/ There in 
the same dike occur three varieties derived from the same magma: 
First, a theralite; second, an acmite-trachyte or the sOlvbergite variety 
of a tinguaite; and, third, a hostonite. The first two exist as inclusions 
in each one of the others, the hostonite probably at^ting as a cement 
to both. The fact that each holds inclusions of the other is taken by 
the authors as evidence that a mixture of the two, holding fragments 
already solidified, was intruded as a dike, and hence it is concluded 
that the differentiation took place before intrusion. 

ANDESITBS. 

The andesitic intrusive sheets, lavas, breccias, and tuffs play a con- 
spicuous part in the geology of the Elkhom district, which they once 
covered in large part, if not entirely. They still occupy consider- 
able areas adja<;ent to it, but within its limits have been largely 
removed bv erosion and are now isolated into three distinct areas. 
The first occurs on the summit of Elkhorn Mountain, attaining a 
thickness of a thousand feet or more, and extending north and east 
beyond the limits of the district. The second is an isolated patch but 
500 feet in diameter situated in Queen Gulch, 1^ miles east of the 
town and on the eastern lx)undary of the area mapped. The third is 
an area lying chiefly beyond the map, but of which one end occupies 
Turnley Gulch, in the extreme southwestern corner. The individual 
beds, especially of the northern area, show a striking range in min- 
eral composition and manner of origin, grading from quartz-diorites 
to augite-andesites, and from intrusive sheets to tuffs, whereas the 
genei-al character of the three areas mentioned is strikingly similar. 
The andesites present typically a dense, dark, and fine-grained appear- 
ance. They are highly elastic to the blow of a hammer, diflScult 
to break, and are cut by numerous cleavage planes which, upon 
weathering, produce a shai^p, angular, and resistant debris. On 
the highest and most rugged mountain slopes the individual blocks 
measure several feet in diameter, are heaped together without order, 
and form rude stairways by which one may readily climb. Here 
and there rocky promontories, 50 to 100 feet In height, rise from 
the general talus slope, while in other places the talus is composed 
of angular material but a few inches in diameter. On flatter declivi- 
ties and at lower elevations, where the soil has an opportunity to 
form and the slopes are covered with grass or forest, the surface 
is smooth and the andesitic nature of the underlying rock is shown 
only by the finely broken and rust-colored angular material. A 

i d Judd, Composite dikes in Amm: Quart. Jour. Qeol. Soc., Vol. XLXI, 1S98, p. 53<}. 
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close examination of the larger blocks exhibits their original char- 
acter, whether lavas, breccias, or tuffs, though the natures of the 
latter are obscured, from having been subsequently metamorphosed 
and hardened. The lavas are dense, fine-grained rocks, with but 
little evidence of bedding, sometimes possessing many labradorite 
phenocrysts, but always with an abundant groundmass. The latter 
is never coarsely crystalline, and in the first solidification was prob- 
ably often glassy, though subsequent reheating has in all cases given 
it a microcrystalline texture. 

All transitions from layas to breccias are found, though careful 
examination is often necessary to discriminate the latter, owing to the 
fact that fragments and groundmass have assumed the same finely 
crystalline texture in later crystallization. 

The tuffs, though departing widely from the common character of 
tuffs, may be detected by being somewhat softer and lighter than the 
other andesitic rocks, and by usually showing fine-grained bedding 
planes, from various admixtures of ash and dust. 

In conti-adistinction to the purely extrasive forms, intrusive sheets 
of andesite may be found interbedded with them. Sometimes the intru- 
sive nature is demonstrated by the structural geology; at other times 
it is made probable, where the sheet was thick, by the greater coarse- 
ness of crystallization. Often, however, the two modes of occurrence 
can not be separated, since a thin intrusive sheet may not differ in any 
particular from the deeper parts of an extrusive flow. 

ELKHORN MOUNTAIN INTRUSIVE ANDESITES. 

In taking up the petrography of the andesites in detail, the 
undoubted intrusive forms will first be dealt with. The two great 
slabs of marble from the Madison formation, contained within the 
andesites of Elkhorn Mountain, and described in detail elsewhere, are 
separated by an intrusive sheet of andesite 80 to 100 feet in thickness. 
In outcropping, this forms a rounded summit 9,000 feet above the sea 
and 2,000 feet west of the extreme peak of £lkhorn Mountain. 
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An analysis, by H. N. Stokes, of this intrusive sheet is given and 
is compared with a couple of closely similar andesites: 

Analyses of andesites from Montana and Yellowstone Park. 



Constituent. 


A. 


B. 


C. 


SiOj 


59.64 

16.64 

2.33 

4.35 

2.10 

4.59 

3.31 

4.16 

.14 

.69 

1.08 

None. 

.49 


60.30 

16.31 

4.35 

1.41 

2.39 

5.62 

3.99 

2.36 

1.86 

.64 

.76 


59.48 


ALOa 


16.37 


Fe,0. 


3. 21 


FeO 


3.17 


MgO 


3.29 


CaO 


4.88 


NajO 


3.30 


K-0 


2.81 


* i^' •-. ........................................ 

H,0 — (at 110° C. ) 


1 2.01 


jj 0-r (above 110° C.) 


TiO, 


.93 


CO, 




^•X^J ............................................ 

P,Os 


.20 
.10 


.41 


•* 2^-'o ------------------------------------------- 

SO. 




'J"^^ ............................................ 

s 


«.01 
None. 
Trace. 




Cr.O. 


Trace. 
.13 


.03 


MnO 


.19 


NiO 


Trace. 


BaO 


.10 
Trace. 


.15 
Trace. 


.13 


SrO 




Li-0 












99.68 


100.57 


100.21 



a Undetermined whether sulphide or fiulphate. 

A. Andesite from Elkhom Mountain, Elkhorn, Montana. Analysis No. 1858. 
Field No. 42. H. N. Stokes, analyst. 

B. Hornblende-pyroxene-andesite from Sepulchre Mountain, Yellowstone National 
Park. Contains augite, hypersthene, plagioclase, hornblende, majifnetite. Described 
by Iddings, Twelfth Ann. Kept. U. S. Geol. Survey, p. 633; also in Bull. Philos. Soc. 
Washington, Vol. II, p. 210; and in Mon. U. S. Geol. Survey, Vol. XXXII, Ft. II. 
Analysis by T. M. Chatard. 

C. Hypersthene-andesite, northwest of Red Bluff, Montana. Contains plagioclase 
and pyroxene, with an amorphous glassy base and sometimes olivine altered to 
chloritic matter. Collected by A. C. Peale and G. P. Merrill, Bull. U. S. Geol. 
Survey No. 168, p. 114. 

The analysis shows the Elkhorn Mountain andesite to be of normal 
character with the exception of the high potash, in this respect show- 
ing affinities with the latites of F. L. Ransome, and perhaps having 
some significance to the later intrusion of quartz-monzonite. In the 
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hand specimen it appears as a dark-gray, almost black, microcrystal- 
line groundmass, in which is sprinkled a small amount of plagioclase 
phenocrysts that never exceed a millimeter in length. Under the 
microscope these are found to be very basic, probably corresponding 
on the average to a bytownite, and to possess on the outer borders a 
very narrow zone of a rather acid plagioclase. The phenocrysts are 
original, but the remaining structure of the rock boars marks of the 
crystallization having been imposed by contact metamorphism, and 
this is readily explainable when the nearby presence of the batholith 
and its far-reaching contact effects are recalled. 

The groundmass consists for thp most part of a mass of feldspar 
laths from 0.1 to 0.2 mm. in length, while sprinkled like a veil over 
all the rock, both phenocrysts and groundmass, are flakes of biotite 
and hornblende. These tend to be confined to strings and patches 
over the plagioclase phenocrysts, and are taken to show a recrystalli- 
zation during a period of intense metamorphism, accompanied by a 
dissemination of the elements of the hornblende and biotite into the 
cracks of the feldspars. 

Ciystals of pyroxene are present but are rare, and a little mag- 
netite occurs associated with biotite. Small amounts of analcite and 
natrolite are found as alteration products. An original faintly 
marked flow structure still shows. Although this rock has suffered 
from metamorphism, that action has resulted in no chemical changes, 
and the small amounts of water present indicate that it has not been 
altered appreciably by surface weathering. Beds of this character 
compose the western slopes of Elkhorn Peak, lying stratigraphically 
above the marbles as well as between them. At the summit the grain 
of crystallization becomes coarse and the rock is really a microdiorite, 
though still of the same series. 

Lime-rich augite-andesites occur in a number of beds of unusual 
character on Elkhorn Mountain, consisting of a fine-grained light-gray 
groundmass, which may or may not contain plagioclase phenocrysts. 
The light color is due to the absence of all dark minemls, the rock 
consisting of plagioclase feldspars, orthoclase, zeolites, and colorless 
beads of augite, the latter indicating a poverty in iron and a richness 
in lime, and the orthoclase a similar richness in alkalies. The chief 
significance of these beds is in regard to the possibility of an addition 
of lime from a sedimentary^ source, and for that reason they will be 
fully considered in another paper in connection with that subject and 
will here be only briefly described. Specimens were taken from two 
horizons, the lowest, 15 feet in thickness, lying but a few feet above 
the Mesozoic marbles and lime-silicate rocks at the head of Elkhorn 
Gulch, thus being near the base of the andesite extrusive series; the 
second is from a bed 30 feet in thickness lying some distance above 
the former. 
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The phenocrysts in the lower bed are of plagioclase, but in the 
upper are of soda orthoclase, and in both rocks the feldspars have 
grown through the accession of numerous augite beads without 
showing any power of exclusion or orientation. The finely granular 
groundma.ss consists of feldspar, which is presumably strongly alka- 
line, together with the augite. Hypersthene is of rare occurrence. 
Epidote and zeolites are of secondary origin, and quartz is present 
also, but is probably due to infiltration. 

ELKHORN MOUNTAIN LAVAS, BRECCIAS, AND TUFFS. 

Between a thick surface flow of lava and a sheet of the same mate- 
rial intruded near the surface it is diflScult to discriminate, and 
for present purposes it is unnecessary to seek to draw the exact 
line between them. Both are undoubtedly present upon Elkhorn 
Mountain. 

Where the andesite contains brecciated material, either as broken 
crystals or angular fragments of previously solidified andesite, it may 
be taken as extrusive in origin. The tuffs consist of a mixture of vol- 
canic dust and angular fragments of lava. When such have become 
indurated and crystallized the rock is frequently difficult to discrimi- 
nate from lavas with a devitrified and metamorphosed glassy base 
holding a breccia. 

At the southern limit of the Elkhorn Mountain area the basal beds 
of the andesite series are tuffs, and over all the southern ridge of Crow 
Mountain and to the east of Elkhorn Peak, tuffs and breccias are 
the most abundant rocks. These tuffs have suffered so greatly from 
metamorphism that at present all are dense, hard, and dark. The 
breccias show their chai-acter on a close examination of the surface, 
angular fi'agments being outlined by slight differences in color. The 
tuffs have a softer and smoother base and in the latter the brecciated 
material is not so abundant nor so coarse. 

Under the microscope the lavas containing brecciated material are 
seen to be rocks of medium basicity, carrying a good deal of labrador- 
ite in broken crystals and fmgments of microcr3'stalline andesites 
with lesser amounts of siliceous hornstones. The hornstones exist as 
small angular fragments approaching quartzites in composition, and 
in polarized light stand out clearly from the matrix. 

The andesite fragments, on the contraiy, often nearly resemble the 
groundmass and might readily be overlooked. In none of these 
breccias are broken fragments of other minerals than labradorite 
observed, nor in most cases have thev formed afterwards from the 
groundmass. The interpretation to be placed upon this absence of 
the dark minerals is that at the time of eruption the labradorite cr\^s- 
tals were the first to form and were floating as phenocrysts within a 
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molten andesite. Upon eruption the crystals were sometimes blown 
into the air by the explosive forces of the escaping gases, along with 
bits of glassy and newly solidified andesite and also of hornstones 
which had been torn from the strata, these, with the accompanying 
dust, forming beds of tnflf and breccia. At other times the phenocrysts 
and glassy fragments floated out in the lav^as, the latter cooling so 
quickly that they became either glassy or microcrystalline, thus 
preventing the formation of other minerals of sufficient size to be 
identified. 

QUEEN GtTLCH RESIDUAL AREA. 

This small area of andesite, only 400 feet wide by 500 feet long, lies 
on a steep hill slope at a considei*able distance from any other occur* 
rence, and li miles directly east of Elkhorn. There are a number 
of varieties present, but all agree in being rocks with an abundant, 
finely crystalline groundmass. In certain beds the flow structure is 
strongly marked, the flow planes dipping S. 55^ W. at an angle of 
30*^. One abundant variety of this rock is so 'charged with tabular 
crystals of labradorite averaging three-eighths of an inch in diameter 
that the waterworn float bowlders are conspicuous in the stream beds 
for a mile below. Other varieties are dark green and spotted with 
small crvstals of hornblende and labradorite. The forms of the 
andesite are the same as those noted on Elkhorn Mountain and dis- 
cussed under the head of '^Elkhorn Mountain intrusive andesites," 
these differing on the whole, however, in being so conspicuously 
porphyritic. 

TURNLEY GULCH ANDESFTES. 

The edge of this area occupies the southwest corner of the mapped 
area (PI. XLV), and forms steep, grassy hill slopes along Turnley 
Gulch. A sample for analj'sis was taken in the railroad cut a quarter 
of a mile south of the limits of the map and 70 feet from the contact 
with the upper surface of the diorite-porphyry laccolith. The analy- 
sis shows somewhat unusual proportions, and is compared with two 
others which resemble it in some respects, but depart from it in others. 
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Anali/BCB of andesiU and related rocks from Montana and Yellowstone Park, 



Constituent. 



SiOjj 

AlA 

FeA 

FeO 

MgO 

CaO 

Na,0 

K,0 

H,Oat 110*»C.... 
H,Oal)ovellO« C 

TiO, 

CO, 

PA 

SO, 




CI 



s .... 

CrA 
MnO. 

BaO.. 

SrO.. 

LiO, . 



54.50 

17.97 

a8.55 

feUndet. 

3.37 

9.36 

2.34 

1.62 

.14 

.96 

.94 

None. 

.31 



} 



53. 71 
18.00 
3.99 
4.05 
5.19 
6.88 
3.50 
3.10 

.55 

.74 




C. 



53.75 
20.75 
4.50 
3.53 
3.76 
7.18 
4.16 
1.37 

1.55 

None 
None 
.15 
Trace 
None 



.63 

None. 

Trace. 

.06 

.05 

Trace. 



.24 



Trace 




Trace 



100.70 



a Contains Indeterminable amounts of both pyrite and pyrrhotite, the actual amounts lying 
between 1.50 FejSg and 0.00 FeSa and 1.19 FeSj ani 0.00 FerSg. FeO can not be directly determined, 
the 8.55 per cent FcsOa including the Fe«Oa equivalent of FeO and sulphides. The actual FeO lies 
between 5.39 and 6.46, and the actual FegO.) between 1.19 and 0.00. 

6 Summation too high because Fe in FeO and sulphides is stated as FcsOs, the actual excess being 
indeterminable. 

A. Homblende-andesite-porphyry, altereil from an augite-andesite and approach- 
ing a bafialt in composition, from southwestern part of the Elkhom district. Analysis 
No. 1858. Field No. 35. H. N. Stokes, analyst. 

B. Mica-gabbro, Hurricane Ridge, Absaroka Range. Contains plagiocla^e augite, 
hypersthene, biotite, magnetite, with some orthoclase, and a little quartz and olivine. 
Described by Iddings in Mon. U. S. Geol. Survey, Vol. XXXII, Pt. II. Analysis 
by Eakins. See Bull. U. S. Geol. Survey No. 168. 

C. Basalt dike, north spur of Mount Washburn, Yellowstone National Park. 
Reported by Iddings as approaching pyroxene-andesite in composition, (contains 
labradorite, augite, serpentinized olivine, and magnetite in a groundmass of globulitic 
and microlitic brown glass. Bull. U. S. Geol. Survey No. 168, p. 110. 

The homblende-andesite-porphyry in A has suffered greatly from 
alteration, produced in large part by contact metamorphism; but, as 
shown by the absence of carbon dioxide and the small amount of water 
present, its composition must closely represent the original. The 

22 GEOL, PT 2—01 34 
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phenocrysts consist of plagioclase and hornblende. The plagioclases 
are a labradorite and exist in two forms: (1) The crystals united in 
clusters up to 2 mm. in diameter, which sometimes show radiating 
arms, forming fragile and complex crystalline aggregates, and at other 
times are grouped in clusters without branches, in total amount these 
crystals form about 10 per cent of the composition. (2) Abundant 
lath-like crystals, which are from 0.3 to 0.5 mm. long, idiomorphic, 
and which exhibit a strong zonal structure; these comprise about half 
of the bulk of the rock. 

The phenocrysts contain many inclusions filled with granular horn- 
blende. The form of the inclusion cavities is determined by the feld- 
spar, the cavities being oriented to the crystalline system of the latter. 
Inclusions of such form in feldspars are of common occurrence in rocks 
with a glassy base. 

Phenocrysts of hornblende or augite have once existed and were of 
a later growth than the feldspars, but their places are now sometimes 
filled with granular hornblende of no orientation, suggesting decay of 
the original mineral and then reci'ystallization. At other times the 
hornblende remains in its original system, but the form of the crystals 
and the character of the rock make it appear clear that the hornblende 
is a product of uralitization from pyroxene. The groundmass also 
consists entirely of the same granular hornblende, both brown and 
green in color. All of these occurrences of this mineral, comprising 
about 40 per cent of the rock, confirm the impression that the original 
crystalline character, with the exception of the feldspars, has been 
entirely altered. Combining the information derived from the micro- 
scopic study with that from the chemical analysis, it may be concluded 
that the rock was originally a glassy pyroxene-andesite-porphyry 
which approached a basalt in composition. The iron ore, consisting 
of pyrite and pjaThotite, with perhaps magnetite, is scattered in 
granules through the groundmass. 

This andesite is quite different in composition from that of Elkhorn 
Mountain, of which the analysis was given, but the variable character 
of these lavas has already been pointed out, and the type under con- 
sideration is evidently one of the more basic forms, but just to what 
extent it is typical of all the andesites of this area is diflBcult to state. 
Its alteration from contact metamorphism is plainly due to the lacco- 
lith which lies immediately below it and of which it formed the cover. 
The andesites of this area present, on the whole, a much more uniform 
appearance than those of Elkhorn Peak. Breccias are occasionally 
observed, but the predominant type consists of an andesite-porphyry, 
in which the labradorite phenocrysts are usually small and few, but 
occasionallj^ become a conspicuous feature of the rock. The ground- 
mass is finely crystalline and in some cases has the appearance under 
the microscope of a devitrified glass. 



BARRELL] DIORITE-POBPHYBY LACCOLITH. 531 

In the tongue which projects eastward from the main area nearly half 
a mile and ends in the railroad cut, the rock assumes a coarser crys- 
tallization, becoming a microdiorite. A specimen taken from its ter- 
minus gives the following mineral composition, estimated by volume 
under the microscope: 

Mineral composUvm of microdioriU. 

Per cent. 

Labradorite 70 

Augite 4 

Hornblende 8 

Biotite 12 

Iron ore (magnetite) 2 

Quartz 4 

Total 100 

The labradorite is strongly zonal, an indication of considerable soda 
within the rock, and the large amount of biotite is a similar evidence 
of potash. The latter mineral gives the rock somewhat of a kersan- 
titic tendency, and it is principally in that feature that it differs from 
the dikes cutting the limestone strata on the north and east. 

DIORITE-PORPHYRY LACCOLITH. 

In the southwestern portion of the district, lying principally in 
Queen Gulch, is a considerable body of a diorite-porphyry, laccolithic 
in its manner of intrusion. Its bottom is the isolated fragment of Star- 
mount lime-silicate rocks, forming a plane dipping 42° to the south- 
west, the dome-like cover consisting of andesites which have been partly 
removed by erosion. The bottom of Elkhorn Gulch at its junction 
with Turnley Gulch is cut well down into it, but the principal exposure 
is in Queen Gulch, where it attains a thickness perpendicular to its 
walls of 1,300 feet. 

The rock presents a conspicuous appearance, consisting of about 30 
per cent of labradorite phenocrysts and several per cent of biotite and 
hornblende, the latter two minei'als in clusters, giving a spotted and 
mottled surface. The phenocrysts are embedded in a fine-grained crys- 
talline groundmass, gray in color. 

Under the microscope the rock is seen to strikingly resemble that 
composing the laccolith of Steamboat Mountain in the Little Belt 
Mountains, Montana.^ 

No analvsis was made of this rock, and in default its mineral com- 
position by volume is given as estimated by the microscope. While 
the percentages are, of course, not exact, the character of the rock is 
clearly indicated. 

1 Geology of the Little Belt Mountains, by W. H. Weed, wit^l report on petrography by L. V. Pirsson: 
Twentieth Ann. Kept. U. S. Oeol. Survey, Pt. Ill, 1900, pp. 388, 616. 
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Mineral composition of rock of diorile-porphyry laccolith. 

Per cent. 

Labradorite 33 

Biotite 3 

Hornblende 3 

Pyroxene 3 

Apatite 3 

Iron ore 1 

Groundmaas: 

Quartz 1 10 

Plagioclase « 20 

Alkaline feldspar 30 

Total 100.6 

The composition of the feldspars of the groundmass is necessarily 
estimated with some uncertainty. To describe the peculiarities of the 
minerals more in detail: The feldspar phenocrysts are from 1 to 4 mm. 
in diameter and show a very strong zonal structure. The greater part 
is a rather basic labradorite, varying from Ab^ An, to Ab, An^, inter- 
grown perthitically with an andesine. Over the parts which are 
intergro wn the extinction is constant. After a certain time in the period 
of growth, however, the residual liquid could not or did not supply any 
longer the more basic feldspar molecules, and then the period of zonal 
growth began, the composition of the added shells of feldspar passing 
from andesine to oligoclase, and from the latter to albite, the extension 
of the lines of albite twinning to the extreme boundaries proving that 
no monoclinic feldspar exists in the outer zones. The noticeable fea- 
ture of the zonal growth is its wide I'ange and large amount, running 
as it does through nearly the whole series of the plagioclase feldspars. 
The transition is not always regular, a more basic zone sometimes sur- 
rounding one slightly more acid. Some of the feldspars contain many 
small inclusions within the labradorite interior, consisting of an acid 
plagioclase with a nucleus of hornblende, probably resulting from the 
rapidly growing crystal inclosing small portions of the magma which 
finally crystallized into the feldspar and hornblende. 

The biotite is older in formation than the hornblende. With the 
latter it is collected into irregular clusters containing the iron ore and 
apatite also, and giving the dark, spotted appearance to the rock. 

In one instance a well-bounded prismatic crystal of hornblende is 
observed, 5 mm. long and quite different in outline from the ragged 
cr3'stals normally present. This prism has nuclei of brown hornblende 
throughout, suiTounded by green hornblende possessing thefippearance 
of an alteration product. Such a difference in habit in the same thin 
section between crystals of the same species may be taken as evidence 
of growth under different physical conditions, and this may be an 
instance of a hornblende phenocryst formed before intrusion, in con- 
tradistinction to the others formed afterwards. 
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Pyroxene in .sparsely present, occurring in small, colorless, anhedral 
crystals associated with the apatite, and sometimes present as inclusions 
within the feldspars. 

The feldspar of the groundmass embmces about 60 per cent of the 
entire rock. In so far as it can be separated it consists of about 40 
per cent of small plagioclase crystals, showing either a rod-like form 
or chunky crystals with lines of albite twinning. Another 40 per 
cent of this groundmass feldspar consists of somewhat dusty, chunky 
crystals showing no albite twinning and taken to be orthoclase. The 
other 20 per cent is orthoclase intergrown with quartz and fomiing a 
well-developed micrographic structure. 

The basic chai'acter of the phenocrysts in this rock is to be noted, 
standing in contradistinction to the rather acid character of the 
groundmass, and from a consideration of the former alone a very 
erroneous idea of the composition would be obtained. 

TURNLEY RIDGE STOCK. 

The Turnley Kidge stock is a very irregular and branching intrusion 
running for about two miles across the southwestern corner of the 
district and varying in width from several hundred feet to a half mile. 
In its northern part it consists of two arms, which hold a series of 
altered shales and quartzites between them. 

The surface debris, by which it ma}" be readih' recognized, consists 
of angular blocks a foot or more in diameter, of a chalk}' color where 
not stained light brown and red from ferric oxide. It is a rock readily 
susceptible to weathering without disintegration, yielding surface 
material I'ather light in weight and giving a dull sound when struck 
with the hammer. A feature bj- which the rock may be recognized 
consists of numerous crystals of quartz, a tenth to a twentieth of an 
inch in diameter, scattered through the groundmass. These not being 
subject to the subaeriel deca}' which attacks the other minerals, show 
the greas}' quartz luster and irregular fracture and are readily noted 
upon a close examination of the hand specimen. Besides the quartz 
crystals, which form about 15 per cent of the volume, the rock con- 
tains about 40 per cent of rectangular crystals of oligoclase, weathered 
to a chalk}'^ white. In favorable situations, as in the deep railroad cut 
on Eikhorn Gulch, material may be obtained which has not been 
affected ])y weathering. On such a fresh unweathered surface the 
groundmass, which composes about 40 per cent. of the entire volume, 
is seen to be dense and of a light-gray color. Even where unweath- 
ered, however, the feldspar phenocrysts are dull and lusterless. A 
microscopic examination shows that the rock has been greatly altered 
b}'^ mineralizing waters, which have not only given this appearance to 
the feldspars, but have utterly destroyed the several per cent of dark 
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mineral* which were originally present, and have finally resulted in 
the formation of considerable pyrite. A partial analysis of a specimen 
as nearly unaltered as could be found, taken from the railroad cut 
6,000 feet south of the Elkhorn station, gave the following results: 

Partial analysis of quartz-dioritr-porphyry. 

[H. N. Stokes, analyst. Rec. No. 1858. Field No. 7.] 

Per cent. 

SiO^ 67.44 

AlA (including PA) 16-79 

FeA (total iron) 2.10 

Na/) , 4.19 

K,0 * 4.20 

H^O 1.48 

LiOj Trace. 

Total 96.20 

Allowing for the destruction of the ferromagnesian minerals and 
taking the average of a number of sections, the original mineral com- 
position has been estimated by vol.ume as follows: 

Mineral composition of quariz-diorite-porphyry. 

Per cent. 

Oligoclase 40 

Quartz 15 

Hornblende 2 

Biotite 2 

Groundmase (quartz and feldspar) 41 

Total 100 

There is usually a sharp distinction between the phenocrysts and 
groundmass, the latter being a microgranitic mixture of quartz and 
feldspar, the former possessing sharp idiomoiphic boundaries several 
millimeters in diameter, though certain of these may be cleavage faces 
and not those once terminating the crystals. The feldspar phenocrysts 
possess an average diameter of 2 mm., usually show albite twinning, 
and range in chemical composition from a sodic labradorite to albite. 
Orthoclase is present in some parts of the intrusive and may form a 
minor part in others. Oligoclase, however, is the common type of the 
feldspar phenocrysts. 

The quartz phenociysts average 1 to 2 mm. in diameter, exhibiting, 
when unbroken, straight crystalline sides rounded on the corners. 
Their principal growth took place before the intrusion into the present 
locality, since many fragments show a crystalline outline on one side 
and an irregular fracture on the other, and sharp fragments, the debris 
of broken and dragged crystals, are common. The extinction is shai*p 
and not undulatory, showing that the fracture has not been accompa- 
nied by great stresses. This is to be expected, since in a viscid medium 
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a body would be pulled apart or ubeared rather than crushed with 
straining of the crystallographic orientation. In most places consid- 
erable solution of the quartz, sometimes resulting in smooth, gibbous 
foiins, has taken place after the crystals came to rest and before the 
final solidification. Upon the crystallization of the groundmass the 
small particles adjacent to the quartzes have oriented themselves 
against them, giving, when seen under a high power, a fine-grained, 
serrated margin. Within the tongue on the southern side no quartz 
phenocrysts are found, a fact worth noting, considering the evidences 
elsewhere that the quartzes are older than the intrusion. It may be 
due to the tongue being filled by material of the first advance which 
was retained there, while elsewhere within the stock the present rock 
may perhaps represent later accessions which alone contained the 
crystals of quartz. 

The biotite has been completely resorbed by later processes, there 
remaining within the original outlines a sprinkling of microgranitic 
feldspar with small grains of iron ore and flakes of biotite. Certain 
sections show fairly numerous splinters of hornblende, but these, 
occurring especially within the feldspar phenocrysts, have the appear- 
ance of being of secondary origin, and that which remains as an orig- 
inal component is probably rare. 

There is abundant muscovite, especially near the contacts, scattered 
over the section and resulting from alteration of the feldspar. The. 
appearance is quite different from the dust-like flakes of kaolin which 
have resulted especially from surface weathering. In this rock the 
muscovite is sharply bounded, transparent, and scattered over the 
whole section through phenocrysts and groundmass, leaving clear and 
transparent those parts of the feldspars not occupied by it. 

BATHOLITH AT ELKHORN. 

 

The rock of the batholith occupying the northwestern quarter of the 
district is not uniform over large areas, but in places assumes a granitic 
phase, and, especially near the margins, often becomes a diorite. Pre- 
dominantly, however, it is a quartz-monzonite with the field appearance 
of a dark granite. An article dealing with the general characteristics 
of the rocks of the batholith and embracing a study of the analyses 
made from various places has been published by Weed,^ and conse- 
quently but little need be said here upon that topic. 

For purposes of analysis, material was collected on the western 
margin of the district, a mile from the contact with the sedimentary 
formations. The analysis shows a very close agreement with that of 
the Butte granite and also with that from Clancey Creek, but is some- 
what more basic than the prevailing type of the Boulder granite. 

1 Granite rocks of Butte, Mont, and vicinity, by W. H. Weed: Jour. Geol., Nov.-Dec., 1899, p. 737. 
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The analyses from those localities are brought together for purposes 
of comparison. 

Analyses of rocks from the Boulder hatholUh. 





112. 


6(a). 


98(a). 


518 (a). 


SiOa 


Per cent 
64.31 

15.44 

2.43 

2.58 

2.21 

4.22 

2.71 

4.09 

.19 

.79 

.71 

None. 

,22 


PercenL 
64.05 

15.38 

2.20 

2.74 

2.08 

4.30 

2.74 

4.00 

.83 

.27 

.60 

.35 

.21 


'Percent. 
64.17 

15. 25 

2.16 

2.98 

2.60 

4.24 

2.62 

4.34 

.65 

.16 

.67 

None. 

.16 

.97 

Trace. 


Per cent. 
67. 12 


ALO, 


15 


Fe,0, 


1.62 


FeO 


2.23 


M ffO 


1.74 


CaO 

Na^jO 


3.43 
2.76 


K,0 


4.52 


^mijv^ ................................. 

H-0 at 110° C 


.58 


H«0 above 110° C 


.09 


TiO, 


.48 


CO, 


None. 


p,o. ...: 


.15 


so, 


Trace. 


CI 




s 


6 Trace. 

None. 

Trace. 

.07 

Trace. 

Strong 

trace. 


.07 


. m » 


Cr.,0, 






MnO 

BaO 


.11 
.08 
.04 


.04 

.07 

Trace. 


.06 
.07 


SrO 


.03 


Li^O 












Total 


99. 97 


100.05 


100.18 


99.88 







aCtranite rocks of Butte, Mont., and vicinity, by W. H. Weed: Jour. Geol., Nov.-Doc, 1899, p. 737. 
b Whether S or SOg undetermined. 

No. 112. Type of the batholith at Elkhom, 1 mile from the contact. 

No. 6. Butte type of granite, Butte district; H. N. Stoker, analyst. 

No. 98. Head of Clancey Creek, northern part of Imtholith; II. N. Stokes, analyst. 

No. 518. Prevailing tyix? of granite of batholith at Boulder; H. N. Stokes, analyst. 

The rock whose analysis is given under 112 resembles the Butte 
granite as closel}' in appearance as it does in (chemical composition. 
It is a rather cross-grained rock, showing about equal amounts of 
hornblende and biotite, quartz existing in smoky grains and the feld- 
spars with gmy to pink cleavage surfaces. Under the microscope 
the plagioclase is seen to range from an andesine, Ab^ An^, to a sodic 
labradorite, Abj Auj, existing in idiomorphic but not well-formed crvs- 
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tab from 1 to 3 mm. in diameter. The orthoclase and quartz are, bls 
usual, the final products of crystallization, the former containing some 
soda. The apatite, magnetite, augite, hornblende, and biotite are 
associated together, the apatite being the earliest mineral to crystal- 
lize, then the augite, the latter forming very irregular nuclei in the 
interior of many hornblende crystals. The hornblende preceded 
the biotite in ciystallization, and the formation of these three min- 
erals resulted in the simultaneous separation of magnetite. The 
latter exists in grains averaging a third of a millimeter in diameter 
and also as a dust sprinkled through certain of the hornblendes. The 
small amount of titanite present belongs also to the earliest mineral 
genemtion. 

Variatiojis in texture. — ^The rook of the batholith varies both in 
texture and in composition. The type which was analyzed is rather 
coarse grained and without any evidence of gneissoid or flow struc- 
ture. At other places not far distant, however, and forming a type 
perhaps equally abundant, the rock, without changing noticeably in 
composition, shows a faintly parallel arrangement of the dark minerals, 
which gives it a somewhat gneissoid structure. This variety does not 
show any intimate relation to the contact, though perhaps more 
abundant within a mile of it. In the vicinity of the contact, and 
forming a zone of variable width, the rock becomes finer grained, 
though no case has been observed within the district, or elsewhere at 
the margins of the batholith, where a distinct porphyritic structure is 
assumed. 

The principal effect of the contact has been to cause a more or less 
simultaneous growth of the minerals, which gives an approach to the 
sugar -granular structure, and the quartz and orthoclase are also some- 
times poikilitically interwoven. 

Vm*iati(ms in coinpositian. — The lamprophyric^ facies are not so 
strongly marked as is frequently the case, but still are noticeably 
present. Throughout the entire contact and for distances of a quarter 
of a mile from it the rock usually shows a greater predominance of 
plagioclase, and often of ferromagnesian minerals. These contact 
facies may be hardly noticeable to one traveling over the country, but 
become evident upon comparing specimens from different points, the 
transition being by a shading of one type into another and not by 
marked contrasts. 

The limits of the variations are brought out in the table of compari- 
sons on the next page, the rock from four points along the contact being 
compared to that of which the analysis has been given. The rock 
never becomes more basic than a diorite, and the amount of dark 
components is not greatly increased. Slight differences in composition, 
however, may in some cases cause hornblende to become the ruling 
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species, and at other times biotite. The most constant differences on 
approaching the contact lie in the increase of plagioclase and the 
decrease of quartz, indicating a rise in alumina and a fall in silica. 

At other places on the margins of this batholith, where contact 
facies approaching the gabbros have been observed, they have been 
often found in bays entering into the sedimentaries, and the absence of 
such within this district, at least in evident connection with the parent 
batholith, may be the reason for their failure to occur. The analyses^ 
of two such forms from Red Mountain, 10 miles south of Butte, show 
49.22 and 56.41 per cent of silica, respectively. 

The table shows the mineral composition by volume as estimated 
by the microscope, a method sufficiently accurate to bring out the 
general variations which are under discussion. 

Varieties of granitic rocks of the Boulder batholith within the Elkhom district. 





112. 


138. 


66. 


164. 


88. 


Labradorite, Ab, An, ■. . 


34 


49 


40 


62 


40 


Andeaine, Abe An. 


15 


Orthoclase with Na.0 


22 

26 

7 

9 

2 

1 

.3 

.5 


10 
10 
21 

7 
2 
1 
.1 


30 

16 

8 

5 


5 

15 
18 


20 


Quartz 


5 


Biotite 


1 


Hornblende 


17 


Aucrite 




Mftjmetit/p 


.5 

.1 

.1 

Trace. 


.1 


2 


Apatite 


.1 


Titanite 




Rutile 






100.8 










100.1 


99.7 


100.1 


100.1 



No. 112. Quartz-monzonite. Type of batholith, 1 mile from contact, on western 
limit of map. See analysis on page 536. 

No. 138. Diorite. From batholith. Originally, perhaps, 100 feet from contact 
with limestones; at present separated by aplite dike 400 feet wide. From point 
2,500 feet north of Black Butte triangulation point. 

No. 56. Quartz-monzonite, rich in feldspar; 100 feet from contact with andesite; 
northeast corner of map. 

No. 164. Quartz-mica-diorite; 20 feet from contact with homstone inclusion; half 
mile southwest of Black Butte triangulation point. 

No. 38. Diorite; 50 feet from the quartz-diorite-porphyry stock of Tumley Ridge: 
on western limit of map 1 mile north of southeast comer. 

1 Granite rocka of Butte, Mont., and vicinity, by W. H. Weed: Jour. Geol., Nov.-Dee., 1899, p. 789. 



BARRELL.] UNALTERED IGNEOUS BOOKS. 589 



APLITES. 

The aplites, as the term is commonly underatood, are rocks of a sugar- 
granular texture due to a fine-grained, simultaneous crystallization of 
quartz and orthoclase, the rock consisting of those components with 
little or no ferromagnesian minerals. The term is ordinarily limited 
to sheets or dikes intrusive in granitic rocks and regarded as acid 
segregations from the original magma. In the larger masses the nor- 
mal texture may fail and the rock become granitic, so that the intru- 
sive nature and the intimate relationship with the main granitic mass 
must be relied upon as the final test. 

The usual form of their occurrence in the area of the batholith is 
as thin dikelets a few inches in width, fairly numerous, with sharp, 
even contacts, and traceable for some distance. Where one terminates 
there is often an offset and the line is extended by another dike a few 
feet to one side. The texture is fine grained and of the sugar-granular 
type. 

More abnormal forms of occurrence are as flat, lens-like masses, as 
at Butte,* but not found within the Elkhorn district, or as dikes sev- 
ei*al hundred feet in width with a granitic texture and parallel to the 
contact, as at £lkhorn. The chemical composition, as well as the tex- 
ture, shows considei'able variation, so that the basic varieties of the 
aplites may approach the acid forms of the original batholith intrusion, 
and the only safe criterion for discrimination lies in a study of the 
contact, the acid forms of the original magma passing into other varie- 
ties by gradations, while the aplites always show shai*p contacts and 
evidences of later intrusion. The aplites are commonly believed to be 
acid segregations out of the original magma, here a quartz-monzonite, 
and it is supposed that their intrusion immediately followed the solidi- 
fication of the greater parts of the bathol th. 

The aplites of the Elkhorn district occur as thin seams over most 
parts of the batholith area, but near the margins, as previously men- 
tioned, they become dike-like intrusions of great volume. Analyses 
were made from the center and near the contact of that one which has 
broken through the quartz-monzonite north of Black Butte and which 
covers the greater part of the area for a quarter of a mile in width. 
The analyses show that the outer parts of the intrusion are more basic 
than the center, but are still clearly aplites. The chemical composition 
is remarkably similar to that of the Butte aplites, situated in the same 
batholith, but at a distance of 33 miles to the southwest, corresponding 
to a like similaritj'^ which was pointed out as existing between the 
quartz-monzonite of the two districts. 

The resemblance of these types to the granodiorites and granulites 

1 Description of the Butte Special district, by W. H. Weed: Geologic Atlas U. S., folio 38, 1897. 
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of the Sierras has been pointed out by Weed.^ An analysis of one of 
the Sierra granulites (aplites) is added for puiposes of comparison. 

Analyses of aplites from Montana and California. 



SiO, 

AlA 

FeA 

FeO 

MgO 

CaO :. 

Na,0 

K,0 

H,OatllO°C.... 
HaO above 110° C 

TiOj 

CO, 

P2O5 

S 

CrA 

NiO 

MnO 

BaO 

SrO 

Li,0 



109. 



Total 



76.26 

12.94 

.69 

.13 

.17 

1.10 

2.73 

5.26 

.17 

.43 

.11 

None. 

.06 

rt.Ol 

None. 

None. 

Trace. 

.07 

None. 

Trace. 



142. 



74.61 

13.36 

.83 

.36 

.35 

1.35 

2.49 

5.70 

.19 

.42 

.11 

None. 

.06 

6Trace. 

None. 



640. 



192. 



76.87 

12.52 

.67 

None. 

.09 

.49 

2.47 

5.78 

.52 

.25 

.11 



.05 



Trace. 

.10 

Trace. 

Trace. 



100.13 



99.93 



99.82 



75.97 

13.07 

.61 

.39 

.14 

1.49 

2.51 

5.62 

.24 

.14 

.09 



Trace. 



Trace. 

.14 

Trace. 

Trace. 



100.44 



aTotal S. b Whether sulphide or sulphate undetermined. 

No. 109. Aplite from middle of large intrusion, 1,000 feet west of batholith con- 
tact, north of Black Butte. Analysis No. 1858. Field No. 109. H. N. Stokes, 
analyst. 

No. 142. Aplite from eastern side of same intrusion, near inclusions of quartz- 
monzonite, 2,500 feet north of Black Butte. Analysis No. 1858. Field No. 142. H. N. 
Stokes, analyst. 

No. 640. Aplite of Butte granite, Butte, Mont. 

No. 192. Granulite (aplite) dike east of Milton, Sierra County, Cal. Collected 
and described byH. W. Turner. W. F. Hillebrand, analyst. See Bull. U. S. Geol. 
Survey No. 168, p. 192. 

In general the aplites of the Elkhorn district show the sugar-granu- 
lar texture and consist of soda orthoclase and quartz, with a few per 
cent of plagioclase and occasional crystals of biotite and magnetite. 
The plagioclase is an andesine and is idiomorphic; the quartz and ortho- 



1 Granite rocks of Butte, Mont., and vicinity, by W. U. Weed: Jour. Geol., Nov.-Dec, 1899, p. 740. 
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elase, however, have grown simultaneous!}^ and neither has been able 
to assume its proper crystallographic form. 

The biotite usually forms from one-half to 2 per cent, and occurs in 
thin scales averaging 0.3 mm. in diameter. The lack of clustering in 
the biotite is characteristic and gives a finely speckled appearance to 
the rock. 

ELKHORX MOrNTAIN APLITE. 

The above petrographic description applies entirely to the northern- 
most intrusion, a thick sheet lying between the quartz-monzonite and 
the andesites of Elkhorn Peak. The aplite in its contact against the 
andesite forms a sharp and even surface and shows evidence of chill- 
ing against the latter rock. At the immediate contact a zone of aplite 
an inch in width is fairly coarse grained, with quartz and feldspar 
poikilitically intergrown and possessing a considemble amount of bio- 
tite. This coarseness is evidently due to the contact surface offering 
a passage for the escape of vapors, whose influence in inducing a 
coarser crvstalline structure is well known. 

Following the narrow band of coarse-grained aplite is a zone several 
feet in width with an indefinite inner boundary characterized by a I'adi- 
ate poikilitic intergrowth of quartz and orthoclase, the mixed gi*ains 
being 2 mm. in diameter. There is much less biotite than at the imme- 
diate contact. A thin section taken 52 inches from the contact showed 
certain crystals of orthoclase which became poikilitic onl}^ after half 
their growth was completed, indicating a change in the physical con- 
ditions at that period, owing to which the quartz and orthoclase could 
no longer separate themselves from each other during crystallization, 
and were of simultaneous growth. At a distance of 20 feet the. aplite 
shows its normal sugar-granular character. 

The importance of these contact phenomena lies in the proof they 
furnish that the aplite is ^^ounger than the andesite. 

The aplite stock. — In the aplite stock penetrating the sediments 
6,000 feet southwest of Elkhorn Peak the aplite structure is nearly 
lost and the rock assumes the appearance of an acid granite. It has 
no visible contact with the quartz-monzonite and consequently its 
aplitic afiSnities are based solely upon its mineral and chemical com- 
position. The change in texture is no doubt due to the large diameter 
of the stock, which permitted a thorough heating of the walls and a 
prolonged period of crystallization. 

APLITE DIKES NORTH OF BLACK BUTTE. 

In the system of dikes which have broken through the quartz- 
monzonite lying north and west of Black Butte, the normal type of 
aplite is that given in analysis 109, on page 540. It is an acid gi'anite, 
with but little biotite and but little of the sugar-granular texture. It 
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shades into two prominent varieties, one of which approaches the peg- 
matitic, the other the porphyritic type of stinicture. The former 
occurs at places in the center of the intrusions, and one locality was 
noted where the biotite showed a great extension along one of the 
horizontal axes, forming thin blades, half a millimeter in width by 12 
to 15 mm. in length. The other variety is found near the margins of 
the intrusions, an analysis of it being given as No. 142, on page 540. 
It is finer grained, shows the typical aplite structure, and is richer 
in biotite, the latter existing in scales and not in clusters. Within the 
immediate vicinity of the margins, however, clusters are formed which 
resemble those of the quartz-monzonite. 

APLITE DIKES SOUTHWEST OF BLACK BUTTE. 

The aplites occurring at intervals along the margin in the southern 
part of the district show the normal character, except at one locality 
half a mile southwest of Black Butte, where phenocrysts of a soda 
orthoclase, an inch in diameter, are abundant. The crystals are poiki- 
litically intergrown with quartz, which is visible in wavy lines to the 
naked e3'^e and constitutes about a quarter of the volume of the crystal. 
By the exclusion of the biotite and plagioclase molecules from the 
area of the phenocrysts, the aplitic groundmass is correspondingly 
enriched in those components. 

CONTACT DIKES OF APLITE IN TURNLEY GULCH. 

A few dikes of aplite cross Turnley Gulch, barely within the limits 
of the map. They are of medium width, and lie between the quartz- 
monzonite and the andesite. Stringers from them penetmte the andes- 
ite and prove in the most unequivocal manner the younger age of the 
aplite, and therefore also of the quartz-monzonite . This deduction gives 
them great impoi-tance, and hence one is illustrated in PL LXII, B. 

SEGREGATIONS OF TOURMALINE. 

At a number of places within the aplites, especially on the road to 
Elkhorn Peak, at an elevation of about 8,000 feet, and near the borders 
of the intrusions north of Black Butte, crow-foot segregations of a 
black niineml are observed. These are usually about 1 inch in diam- 
eter, but may be from 4 to 6 inches across. Sometimes they are 
irregular, dendritic fonns, at other times circular or rhomboidal in 
outline. The segregations are intermixed with quartz and orthoclase, 
and under the microscope are found to consist of a dark tourmaline, 
without crystal boundaries. The tourmaline areas are always sur- 
rounded by a white zone from one-half to 1 inch in width, from which 
the dark components have evidently been exhausted, beyond which 
the aplite assumes its normal appearance and possesses its scales of 



BABBELL.] ALTERED SEDIMENTARY ROOKS. 543 

biotite. The boron and fluorine of the tourmaline, indicative of 
pneumatolitic action, and especially associated with contact surfaces, 
have combined with the constituents which otherwise would have 
formed the mica, and the width of the white zone marks the power of 
migration which the molecules have shown in coming together to form 
the segregations. 

ALTERED SEDIMENTARY (CONTACT-MET AMORPHIC) 

ROCKS. 

USE OF NAMES. 

For the results of contact metamorphism there is a lack of generic 
and specific names, as most of the names which are applied to meta- 
moiTphic rocks denote species which have been subjected to dynamic 
action, and which differ conspicuously in appearance from those 
formed by the contact action of heated masses without the superim- 
posed effects of deformations. Of the names used more particularly 
in describing the results of contact action ^'quartzite" has a definite 
meaning, being applied to a metamorphosed sandstone which, to make 
a typical quartzite, should be fairly free from lime or alumina. 
" Hornfels" is used as a rather general term t6 include the metamor- 
phosed products from shales, slates, or clays. The word " hornstone" 
is nearly equivalent, but is also applied to flint or chert, and its use is 
therefore objectionable. "Marble" is the result of metamorphism of 
a rather pure limestone. 

Taking the three predominant constituents of the sedimentarj'^ rocks 
as lime, alumina, and silica, it is seen that for the various metamor- 
phosed admixtures of the three, forming very diverse rocks, there are 
no good group names, and there is a poverty of those having specific 
value. On dividing the sediments into five chief groups according to 
their composition, the following names are seen to apply: 



Compodtion. 



Name. 



1. Silica 

2. Silica-alumina 

3. Silica-lime 

4. Lime-silica-alumina 

5. Lime 



Quartzite. 

Hornfels, or hornstone. 

Lime-silicate rock. 

Lime-alumina-silicate rock. 

Marble. 



Since alumina does not occur in rock masses except in association 
with silica, there are no alumina or lime-alumina groups. 

To eliminate as much as possible the rather clumsy term of lime- 
alumina-silicate rock, the name of the predominant mineml may be 
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employed as an adjective. Thus one may speak of a grossularite/ a 
vesuvianite, or a labi-adorite rock, as the case may be. 

The metamorphosed sediments will be treated in groups according 
to composition, and not chronologically, the divisions being taken up 
in the order in which they have just been named. 

QUARTZITES. 
PURE QUARTZITES. 

The pure quartzites are grayish-white rocks, finely granular and 
having a vitreous luster upon fresh fracture. The purest beds within 
the Elkhorn district are found within the Quadrant quartzites and at 
the top of the Cambrian quartzite. 

From this pure type, which is relatively rare, there are departures 
in several directions, ^mall amounts of kaolin, orthoclase, and unde- 
composed rock are commonly present in the original sandstone as a 
clay-like filling, and upon metamorphism these turn into biotite and 
feldspars. On the other hand, there may be soluble materials within 
the sandstone, and their removal and the presence of silica-bearing 
waters may result in a further deposition of silica and ally such 
replacement quartzites to the vein quartzes. 

QUARTZITIC HORNSTONE8. 

Those metamorphic rocks which approach most nearly to the quartz- 
ites, but differ from them in having originally possessed an admixture 
of clay and undecomposed rock fragments, are dark in color and pre- 
sent the appeai'ance of a finely granular eruptive rock. Examples of 
this type are found in the middle member of the Turnley series, orig- 
inally a fine-grained shaly sandstone. The rocks now consist of about 
15 per cent of olive-green flakes of microscopic biotite and 85 per cent 
of quartz. The color is due to the dark mica, and the fracture is some- 
what sugary, from the great abundance of quartz (field No. 22). 

The greatest coarseness of crystallization in rocks of this composi- 
tion is observed in those places where they are adjacent to the granite. 
One such (field No. 4) under the microscope was found to consist of 
70 per cent quartz, 10 per cent acid plagioclase feldspar (probabl}'^ all 
oligoclase), and 20 per cent deep-brown biotite in plates up to half 
a millimeter in length. The crystals show the mutual indentations 
due to simultaneous growth, a feature characteristic of quartzites and 
hornstones, and the carbonaceous matter is scattered dirtily through 
the feldspars. The most typical representatives of this group of 

iGrossularite Is a lime-alumina garnet; it varies greatly in color, but in the Elkhorn rocks is 
usually pale brown, or, more rarely, green. VesuTlanite ia a basic lime-fdumina Bilicate, carrying 
ome iron. 
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metamorphosed sediments are found within the Mesozoic, where they 
show as hard, prominent ledges which only the trained geologist could 
with certainty distinguish from eruptive rocks. 

A bed of dark, coarsely granular rock which should also be grouped 
under this heading was noted in the Turnley shales, the lowest sedi- 
mentary horizon of the district (field No. 20). Under the microscope it 
is seen to consist of extremely iiTegular anhedrons of quartz and feld- 
spar from 1 to 2 mm. in diameter. The feldspars are predominantly 
alkaline and are very irregular in composition, giving an uneven extinc- 
tion under crossed nicols. Unlike the other quartzitic hornstones, the 
crystal individuals are not clearly separated from one another, but show 
extensive intergrowth. The biotite crj^stals show the form character- 
istic of hornstones and are scattered through the feldspar, sometimes 
composing half the volume, in other places existing in clusters. The 
uneven distribution of the biotite causes the rock, when seen in plain 
light in thin section, to resemble an arkose, but such an appearance 
may be an effect of crystallization. There is considerable groundmass, 
mostly of a feldspar. 

The greater freedom of crystallization which this rock shows may 
be due to its being a stratum readily permeable to rising vapors. 

HORNSTONES. 

The hornstones, as the name is here used, include those meta- 
morphosed rocks that are rich in silica and alumina — rocks which in 
their original state belonged to the clay series. They always carry 
with the alumina a considerable amount of alkalies, lime, magnesia, 
and iron, and upon reconstitution consist predominantly of quartz, 
biotite, and feldspar, the character of the rock changing with the 
relative amounts of each and the coarseness of crystallization. 

Those hornstones rich in argillaceous matter are much softer, and 
in the field may resemble argillaceous limestones. The content of 
lime, however, has always been low, and in their metamorphosed 
state they never effervesce with acid. They have been originally 
shales, and the two great changes which have taken place are a loss of 
the fissile nature and often a marked change in color, the latter being 
due to a clearing up of the groundmass through crystallization into 
feldspars or quartz, the collection of the organic matter in dots affect- 
ing the color less than if disseminated, and, lastly, the color given by 
microscopic biotite flakes set up throughout the section. The Union 
shales show these differences well, since north of the town they exist 
with their original black fissile character, but on the southern side of 
the Cemetery Kidge stoi*k they are soft rocks of a purplish-red color 
(field No. 10), without much cleavage, and with a fine-grained splintery 
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fracture. Under the microscope this hornstone is seen to consist of 
the following components: 

Per cent 

Light-brown biotite flakes 25 

Quartz grains 4 

Graphitic pigment, in opaque strings and grains 2 

Microgranitic feldspar and quartz groundmass 69 

The lowest member of the Turnley series is a somewhat similar 
hornstone, of a lighter purplish red, consisting of 33 per cent of bio- 
tite flakes and 67 per cent of finely granular quartz. Its fissile char- 
acter has not been entirely destroyed. Within the Mesozoic series 
similar beds are found, one being noted of a slate-blue color. 

LIME-ALUMINA-SILICATE ROCKS. 

The lime-silicate and lime-alumina-silicate rooks are of great hard- 
ness, and in color range from white to pale brown, green, or yellow. 
They indicate their large percentage- of lime by showing under the 
microscope essentially the lime-silicate minerals. Usually not more 
than three such minerals constitute the bulk of any one rock, 
though the species vary according to the composition of the strata. 
Those of commonest occurrence are grossular-garnet, diopside, woUas- 
tonite, vesuvianite, and lime-soda feldspars. 

Wherever the strata are of the proper composition they may be 
metamorphosed bodily for distances of several hundred feet from the 
igneous contacts, with the formation of certain of these minerals and 
the expulsion of the carbonic acid. 

The Starmount argillaceous limestones are the lowest strata of this 
character. South of Black Butte, and extending from there to Elk- 
horn Gulch, they are seen in occasional outcrops, and at other 
places are exposed by erosion of the soil. The bedding planes are 
still evident, but the rocks are hard, and sometimes show coarse crys- 
tals of pale-green diopside, at other times pale-brown garnet in 
banded lens-like masses or in sponge-like growths. South of Elk- 
horn Gulch there is but little metamorphism within the main mass of 
sediments, but within the fragment isolated between the quartz-diorite- 
porphyry and the diorite-porphyry laccolith the final degree has been 
reached. 

The impurities of the strata have been sufficient to combine with 
all the lime, completely expelling the carbonic acid. 

The average composition of these rocks is about as follows: 

Per cent. 

Groasularite 46 

Diopside 20 

Wollastonite 10 

Lime-soda feldspar 10 

Alkali feldspar 15 
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The next horizon showing great alterations of this character is that 
of the Keene limestones at their contacts with the Cemetery Ridge 
stock. These rocks being less argillaceous than the Starmount lime- 
stones, the garnet sinks to a subordinate amount and the siliceous 
impurities combine with the lime and magnesia, predominantly as a 
pyroxene and no doubt approaching a pure diopside in composition. 
That the silica of the Keene metamorphic rocks was not derived from 
the neighboring magma is indicated by the contact on the northern 
side of the stock against the Madison limestones. Here the lime- 
stone^ being free from impurities, exists still as a carbonate rock to 
within a foot or so of the contact. 

A large part of the Mesozoic hornfels series, as is shown in the 
detailed section given elsewhere, consists of metamorphosed strata 
belonging to the lime-alumina-silicate group. 

LIME-SILICATE GROUP. 

The simplest case for study is that of a limestone containing a small 
amount of silica. This type is not uncommon, since it is seldom that 
the marbles are absolutely pure. A thin section from a marble 
inclusion within the quartz-monzonite (field No. 133) showed under 
the microscope about -5 per cent of wollastonite and 4 per cent of 
another mineral decomposed to a white amorphous product. 

The section is instructive as showing the manner of formation of 
the metamorphic minerals when they are few in number and there- 
fore not restrained in their growth by other individuals of the same 
species. Ninety per cent of the rock consists of irregular anhedrons 
of calcite, averaging from one-half to 1 mm. in diameter, and contain- 
ing many very minute scales, about 0.01 mm. in size, whose nature is 
not determinable. Wherever calcite has been observed in the meta- 
morphic rocks of this district it is always allotriomorphic and the 
minerals projecting into it often show their proper crystalline form. 

The wollastonite occurs scattered evenly over the section, the chunky 
prisms averaging a millimeter apart and a third of a millimeter in 
length. The extension is in the direction of the cleavage. Although 
the opportunities for free growth have here been exceptional, the 
wollastonite crystals do not possess well-formed faces but have all the 
corners smoothly rounded off, presenting a resemblance to waterworn 
pebbles. In their isolation from one another and opportunities for free 
growth, these crystals are analogous to the minerals of earliest genera- 
tion within a magma, and their subidiomorphic outlines may be a 
characteristic of their metamorphic origin. In regard to wollastonite 
it must be said, however, that it is not a mineral of the earliest gen- 
eration, since where it occurs in the presence of augite it exists as a 
cement to the latter mineral. When growing within a marble it may 
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•not assert itself with the same power as do some other minerals, 
notably garnet. 

In the Keene limestones, at their contact with the Cemetery Ridge 
stock, as before noted, the original rock is a siliceous dolomite which 
upon metamorphism becomes a diopside rock, though probably con- 
taining some alumina. The diopside where existing free, either in 
calcite or in wollastonite, shows as clear, elongated, spheroidal beads, 
often not more than .01 mm. in diameter. Where it forms the bulk 
of the rock it exists as anhedrons rudely fitted together and without 
sharp corners. The usual size of the individual grains in such aggre- 
gates is about .05 mm., though sometimes thej'^ are much coarser. 

ORDER OF CRYSTALLIZATION OF THE MINERALS OF THE LIME- 

ALUMINA-SILICATE GROUP. 

When metamorphosed the rocks belonging to this group indicate 
their character by the presence of some lime-aluminous minerals, such 
as garnet, vesuvianite, epidote, and plagioclase. Although these rocks, 
like the hornstones, usually show a mutual restraint among all the 
minerals, yet certain species often exhibit somewhat idiomorphic 
outlines and indicate a definite order in ciystallization. 

Garnet is the mineral which oftenest has power to assume its proper 
form, and does so in the presence of all the other minerals. Augite, 
while molded by garnet, itself molds wollastonite (field No. 27). 
Calcite is often a secondary mineral, and in such cases fills miarolitic 
cavities or replaces some previous raineml, and is naturally in such 
cases highly allotriomorphic. 

/ Where existing evidently as an original mineral (field Nos. 9, 146) 
it forms either a background for small crystals of other minerals, such 
as beads of augite, or exists itself in globular masses as inclosures 
within other minerals. It is never seen to assume its crystallographic 
outlines. 

Occun^ence of minerals. — ^The combination of species is determined 
to a great extent by the proportionate amounts of the elements in the 
rock, but besides this there are certain minerals which show a greater 
tendency to form than do others. Garnet is the most universal of 
these and is very common wherever the alumina and silica exist in 
proper amounts. 

Where the garnets occur of microscopic size they do not show the 
sharp angles customary in larger specimens, but are of a roughly 
polygonal form. The usual size of the grains in the thin sections is 
from .05 to .10 mm., and where existing in considerable areas the 
grains are gathered together in mulberry like clusters. 

Vesuvianite is comparatively rare in the Elkhorn district. Its 
chemical composition is near to that of grossularite, and the latter. 
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under the conditions prevailing in this region, has usually been the 
mineral species with strongest tendencies to form. 

Where the composition of the original rock determines the forma- 
tion of feldspars as a metamorphic product, these usually assume the 
form of anhedrons about .05 mm. in diameter, crowding one another 
closely and entirely allotriomorphic, forming a groundmass whose 
appearance is unlike that of an igneous rock. Microcline has been 
noted in larger areas, 1 mm. or more in diameter, the crystals show- 
ing watered effects, fitting against one another by irregular margins 
and including within them fragments of the other minerals (field 
No. 169). Such areas strongly resemble the occurrence of microcline 
in some s}^enites, and nothing but the field relations and appearance 
of the hand specimen decide as to whether the rock was originally 
igneous or sedimentary. 

The most general distinction between the rocks of igneous and sedi- 
mentary origin lies in the usual allotriomorphic character of all the 
minerals composing the latter. 

The mineral species are usually also distinct, and where alike occur 
in different percentages characteristic of the two classes. There are 
cases, however, where rocks of such widely different origins approach 
very near to each other in microscopic appearance. 

MARBLES. 

The marbles are composed of a mosaic of anhedral calcite grains of 
vaiTing size, and contain small amounts of other minerals according to 
the nature of the impurities present, as, for example, the marble with 
small amounts of wollastonite present which has already been men- 
tioned. Another marble, occurring noi*th of the town of Elkhorn, 
shows in the hand specimen many slender black needles which under 
the microscope prove to be skeletal crystals of tremolite, the crystals 
being hollow and having grown through the marble without the power 
of excluding it from the interior. 

From the previous petrographical studies it has become evident that 
even under the most intense metamorphism the carbonic acid is not 
expelled from the limestone except by the presence of silica and the 
other impurities which accompany it. This fact has been noted else- 
where by other observers, and disproves for the Elkhorn district any 
extensive migration of magmatic material into the sediments. 



